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Abstract: We consider the factorized groomed jet mass distribution in inclusive jet pro-
cesses using modified mass drop tagger (mMDT), corresponding to soft drop with the angular
exponent β = 0. A grooming procedure is implemented rather than tagging in the sense that
grooming always returns a groomed jet, while tagging dose not return a jet when a single parti-
cle remains after tagging. We find that the grooming procedure makes the jet mass distribution
infrared safe and only ultraviolet divergences appear in each factorized part. The groomed jet
mass distributions are investigated in a wide range of the jet mass considering various limits on
the jet mass variable ρ = M2J/(p
J
TR)
2 and the grooming cut yc. Appropriate effective theories
in different kinematic regions are employed to resum large logarithms, in which the analysis
in the region ρ ∼ yc  1 is included due to the different type of factorization. The analytic
computation of the factorized groomed jet mass distribution is presented by resumming the
large logarithms in the jet mass, and yc. Numerically, the effect of the resummation is notably
enhanced, compared with the calculation at next-to-leading order, and nonglobal logarithms
are estimated to be small.a
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1 Introduction
Study of jet substructure becomes more important in the era of LHC. At high energy, heavy
particles such as the W , Z, Higgs bosons or the top quark are boosted and the decay products
become energetic and collinear, producing jets. The signal jets from heavy particles will have
different jet substructures compared to jets produced by quantum chromodynamics (QCD).
In order to obtain clearer information on the signal jets, it is imperative to filter out the
background. The background consists of multiple parton scattering and pileup, etc., called
underlying events, which will affect the invariant jet mass significantly. Once we understand
how the background can be controlled, we can make more precise description on the signal
jet. On the other hand, it is also important how the background can be reduced in the jets
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produced by QCD, which also become the background for the signal jets. Here we consider
how to tame the background and probe the substructure of the QCD jets, which will be the
starting point for studying the substructure of the signal jets.
In analyzing jet substructure, there have been many methods which remove wide-angle
soft radiation. For example, mass drop tagger (MDT) [1] and its modified version (mMDT)
[2] were developed and recently soft drop [3] has been suggested, which includes mMDT as a
special case with the angular exponent β = 0. Their main goal is taking away soft particles,
which are likely to come from background, to obtain the information on the hard jets which
can be related to the partons participating in the hard scattering.
One of the most important observables in jet substructure is the jet mass distribution
[4–11], and the plain jet mass distribution with small jet radius using the soft-collinear effec-
tive theory (SCET) [12–15] was considered in Refs. [16–20]. The studies of the groomed jet
mass distribution have become rapidly increasing with recent experimental analyses. (See, for
example, Ref. [21].) In Refs. [2, 3, 22], the analytical calculation for the jet mass distributions
with grooming was extensively investigated in QCD. Recently, the groomed jet mass distri-
bution was studied through the resummation of large logarithms [23–27]. The analyses have
been performed to next-to-leading logarithmic (NLL) accuracy, except Ref. [23, 24], in which
the groomed jet mass distribution was obtained to next-to-next-to-leading logarithmic (NNLL)
accuracy using soft drop (mMDT as a special case) in SCET.
We consider the groomed jet mass distribution in inclusive jet cross sections, in which
an energetic parton can be fragmented to the observed jet. The jet radius R is supposed
to be small, and the jet is described basically by collinear interactions.1 In this process, we
investigate the groomed jet mass distribution from the fragmenting jet functions (FJFs) [29–31].
Here the FJFs can provide the detailed information on the jet substructures. The advantage
of considering the groomed jet mass distribution in the FJFs is that the dependence on the jet
mass and the grooming parameter resides only in this part in the scattering cross section. Since
the FJFs describe the properties of the final-state particles, they can be studied independent
of the scattering processes. That is, we can probe the jet mass distribution in hadron-hadron
scattering, as well as in e+e− annihilation with a slight modification of the kinematic variables.
In constructing the jet mass distribution, there is an issue of “grooming” versus “tag-
ging”. Though there is no general agreement on the exact definition on grooming and tagging,
grooming implies that it always returns an output jet, while tagging sometimes does not [2].
Theoretically, this also becomes an issue even at lowest order in which a jet consists of two
partons. In tagging, if the energy-cut criterion is satisfied, the jet is tagged with the original
jet mass as the tagged mass. Otherwise no jet contributes to the tagged jet mass distribu-
tion. The removal of the jet when the tagging criterion is not satisfied renders the jet mass
distribution infrared (IR) sensitive as the jet mass MJ approaches zero. In grooming, when
1Strictly speaking, our theoretical approach in this paper holds only for R 1. And the legitimate choice of
R for phenomenological study would be R = 0.1− 0.4. But it has been known that the small R approximation
works well even in the case with R & 0.6 [8, 28]. So our analysis here can be practically applied to the jet with
a sizable value of R.
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the grooming criterion is not satisfied, the final jet consisting of a single energetic parton is
included in the jet mass distribution. This contribution is concentrated where the jet mass MJ
is zero. Therefore adopting grooming means that we add the contribution of the δ(M2J ) part
to the groomed jet mass distribution when the grooming criterion is not satisfied.
In our paper, we choose the groomer in computing the jet mass distributions. In fact, we
show that the groomer is theoretically in a better shape since, after factorization, each factor-
ized part of the groomed jet mass distributions turns out to be IR safe. This IR safety enables
us to resum large logarithms via the renormalization group (RG) equation. We emphasize that
the RG equation is meaningful only when there is IR safety, or at least, IR and UV divergences
are separated, so that nonperturbative IR dynamics does not mix with ultraviolet (UV) behav-
ior, as in the case of the parton distribution functions. And the normalization of the groomed
jet mass distributions can be smoothly connected to the plain jet mass distribution without
grooming. Furthermore, after the normalization, the groomed jet mass distribution becomes
independent of the renormalization scale.
Introducing the dimensionless variable ρ = M2J/(p
J
TR)
2, we probe the groomed jet mass
distribution in a wide range of ρ compared to the grooming parameter yc in mMDT. Here p
J
T is
the jet transverse momentum (before grooming) relative to the beam axis. In the whole range
of the jet masses, there are distinct kinematic regions, which show their own characteristics:
(i) ρ ∼ yc ∼ O(1). If we take the limit yc → 0, the region corresponds to yc  ρ ∼ O(1), which
call the tail region. (ii) ρ  yc ∼ O(1). (iii) ρ ∼ yc  1, which we call the midrange region.
Finally (iv) ρ yc  1, which we call the peak region. Note that yc will be fixed at 0.1 in the
numerical analysis, but it can be regarded as small or of order 1 compared to the value of ρ.
The tail region corresponds to the ungroomed case, and the resummation of large loga-
rithms of ρ and yc (zcut) near the peak region has been considered in Refs. [23, 24, 27]. Here we
newly include the resummation on the midrange region with ρ ∼ yc  1, in which a different
factorization structure is obtained for the resummation of ln ρ and ln yc. In all these regions,
there are various collinear modes with different scaling behavior, which result in different types
of factorization. We employ appropriate effective theories to compute the factorized parts and
resum the large logarithms of ln ρ or ln yc. Also we confirm that all the factorized functions
are IR safe and contain only UV divergence when the grooming procedure is applied. Based
on the results, we are able to describe the behavior of the groomed jet mass distribution in a
wide range of ρ, say, from O(10−5) to O(1), with different forms of factorization.
The organization of the paper is as follows: In Sec. 2, the plain jet mass distribution from
the FJFs before grooming is briefly described, and it offers the basis for defining the groomed
jet mass distribution. In Sec. 3, we explain how the grooming procedure is applied to the FJFs,
and define the groomed jet mass distribution. The theoretical implementation of grooming is
described in detail, especially about how to obtain the IR safe results. In Sec. 4, we identify
important modes in different regions, employ the relevant effective theories, and compute the
factorized parts of the groomed jet mass distribution to next-to-leading order (NLO) in αs. In
Sec. 5, we resum the large logarithms that appear in the midrange and the peak regions to NLL
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accuracy. In Sec. 6, numerical analysis is performed for the groomed jet mass distributions in
the whole range of the jet mass by interpolating the resummed results in various regions. The
effect of the nonglobal logarithms is also estimated. In Sec. 7, we present conclusions.
In Appendix A, we list all the functions appearing in the text. In Appendix B, the
relation between the Λ-distribution and the standard plus distribution functions is given. In
Appendix C, details in obtaining C˜k(yc, Q2, µ) in Case (i), and SIIk (y2cQ2, µ) in Case (iv) are
presented with the structure of the phase spaces. In Appendix D, we show the results in the
midrange and the peak regions, employing soft drop with β ≥ 0.
2 Jet mass distribution from jet fragmentation function
We consider the inclusive jet cross section in N1N2 → JX, where N1, N2 are incoming hadrons,
J is the jet with small radius R, and X denotes all the remaining particles. The scattering
cross section is written as [32]
dσ
dydpJT
=
∑
i
∫ 1
xJ=p
J
T /QT
dx
x
dσi(xJ/x, µ)
dydpiT
DJ/i(x; p
i
TR,µ), (2.1)
where σi is the partonic cross section in which the final-state jet is produced by the parton
i, with the maximum transverse momentum QT with respect to the beam direction for a
given rapidity y. The function DJ/i, which we call the fragmentation function to a jet (FFJ),
describes the probability of producing the outgoing jet J from the mother parton i with the
momentum fraction x. The jet cross section in Eq. (2.1) necessarily involves large logarithms
of small R, which can be resummed through the DGLAP evolutions of the FFJs [32–36].
Throughout this paper, we use the kT-type algorithms in defining the jet, which include
the kT [37, 38], the anti-kT [39], and the Cambridge/Aachen (C/A) algorithms [40]. Up to
NLO in αs (two particles in a jet at most), these three algorithms have the same constraint
for merging into a jet with small R as
θ < R′
{
R′ = R for e+e− annihilation
R′ = R/ cosh y for hadron collision.
(2.2)
Then the typical jet scale EJR
′ is written as pJTR for hadron-hadron collisions and EJR for
e+e− annihilation.
We go further to consider the fragmentation inside the jet [34, 36, 41, 42]. To NLO in αs,
the factorized cross section reads [36]
dσ
dydpJTdz
=
∑
i,k
∫ 1
xJ
dx
x
dσi(xJ/x, µ)
dydpiT
DJk/i(x; p
i
TR,µ)Dl/Jk(z; p
J
TR). (2.3)
Here l is the hadron or the subjet inside the jet Jk initiated by the parton k, and z = p
l
T /p
J
T
is the momentum fraction of l with respect to Jk. We call Dl/Jk(z) the jet fragmentation
function (JFF) for l, which is the probability for the fragmentation process k → l inside the
jet Jk. When we consider jet substructure, the advantage in focusing on the JFF is because
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it is process-independent and is also independent of the renormalization scale. The remaining
product of the partonic cross section with the FFJ in Eq. (2.3) is scale invariant as well [36].
The FFJ and the JFF are the probabilities, satisfying the momentum sum rules∑
k
∫ 1
0
dxxDJk/i(x; p
i
TR,µ) = 1,
∑
l
∫ 1
0
dzzDl/Jk(z; p
J
TR) = 1. (2.4)
The fragmenting processes from the quark and the gluon jets in SCET are described by
D˜l/Jq(z, µ) =
∑
X∈J
1
2Ncz
∫
dD−2p⊥
× Tr〈0|δ
(p+
z
− P+
)
δ(D−2)(P⊥)/n
2
χn|l(p+,p⊥)X〉〈l(p+,p⊥)X|χn|0〉,
D˜l/Jg(z, µ) =
∑
X∈J
1
zp+J (D − 2)(N2c − 1)
∫
dD−2p⊥
× Tr〈0|δ
(p+
z
− P+
)
δ(D−2)(P⊥)B⊥µ,an |l(p+,p⊥)X〉〈l(p+,p⊥)X|B⊥,an,µ |0〉,
(2.5)
where the spacetime dimension is D = 4 − 2, and χn = W †nξn is the collinear quark field in
the n-lightcone direction, with the collinear Wilson line Wn. And B⊥µ,an = inρgµν⊥ Gbn,ρνWban =
inρgµν⊥ W†,ban Gbn,ρν is the collinear gluon field strength tensor, where Wn is the Wilson line in
the adjoint representation. In our convention p+ ≡ n · p = p0 + nˆJ ·p, p− ≡ n · p = p0− nˆJ ·p,
where n2 = n2 = 0, n · n = 2, and nˆJ is the unit vector along the jet direction.
Note that D˜l/Jk and the integrated jet function Jk within the jet are related by∑
l
∫ 1
0
dzzD˜l/Jk(z; p
J
TR,µ) = Jk(pJTR,µ). (2.6)
To one loop, the integrated jet functions with the kT-type algorithms are given as [41, 43–45]
Jq(pJTR,µ) = 1 +
αsCF
2pi
[
3
2
ln
µ2
pJ2T R
2
+
1
2
ln2
µ2
pJ2T R
2
+
13
2
− 3pi
2
4
]
, (2.7)
Jg(pJTR,µ) = 1 +
αsCA
2pi
[
β0
2CA
ln
µ2
pJ2T R
2
+
1
2
ln2
µ2
pJ2T R
2
+
67
9
− 23nf
18CA
− 3pi
2
4
]
, (2.8)
where β0 = 11Nc/3 − 2nf/3, CA = Nc = 3, and nf is the number of quark flavors. The JFF
Dh/Jk is normalized from D˜h/Jk divided by Jk, and is given by
Dl/Jk(z; p
J
TR) =
D˜h/Jk(z; p
J
TR,µ)
Jk(pJTR,µ)
. (2.9)
Since Jk is included in the FFJs DJk/i(x) in Eq. (2.3) [36], there is no double counting of Jk.
In order to consider the jet mass distribution for the inclusive jet production, we focus
on the jet mass distribution of the JFF, i.e., the fragmenting jet function (FJF) [29–31]. The
normalized FJF within the jet, Gl/Jk , is defined as
Dl/Jk(z) =
∫
dM2J Gl/Jk(z,M2J ). (2.10)
– 5 –
Applying the momentum sum rule, the plain jet mass distribution is given by [19]
Φplk (M
2
J ; p
J
TR) =
∑
l=q,q¯,g
∫ 1
0
dzz Gl/Jk(z,M2J ). (2.11)
The plain jet mass distribution is scale invariant, and normalized to one since it satisfies∫
dM2J Φ
pl
k (M
2
J ; p
J
TR) =
∑
l=q,q¯,g
∫ 1
0
dzz Dl/Jk(z) = 1. (2.12)
Applying the momentum sum rule for z = plT /p
J
T in Eq. (2.3), the factorization theorem
for the cross section with the jet mass MJ and the transverse jet momentum p
J
T is written as
dσ
dydpJTdM
2
J
=
∑
i,k
∫ 1
xJ
dx
x
dσi(xJ/x, µ)
dydpiT
DJk/i(x; p
i
TR,µ)Φ
pl
k (M
2
J ; p
J
TR). (2.13)
Eq. (2.13) is our starting point to study the groomed jet mass distribution for the inclusive jet
process. From Eq. (2.11), the grooming condition in mMDT can be accomplished by restricting
the range of z to yc/(1 + yc) < z < 1/(1 + yc). In Eq. (2.13), if x is not too close to one and
MJ ∼ pJTR, the FFJs DJk/i and the jet mass distributions Φplk can be described solely by the
collinear modes scaling as (p+, p−,p⊥) ∼ pJT (1, R2, R).
If the observables are sensitive to the collinear-soft (csoft) radiations [16, 46–48], Φplk and
DJk/i can be refactorized by including the csoft interactions [19, 27, 49, 50]. For example,
when MJ  pJTR, Φplk (M2J ) is refactorized as [19]
Φplk (M
2
J  pJ2T R2; pJTR) = Ck(pJ2T R2, µ)
∫ M2J
0
dM2Jk(M
2;µ)Sk(M
2
J −M2; pJTR,µ), (2.14)
where the collinear functions Ck are given by the inverse of the integrated jet functions J −1k for
k = q, g, and enter as the normalization. Jk(M
2) are the “standard jet functions” introduced
in Refs. [14, 51–53], where Jq is defined as∑
Xn
〈0|χαn|Xn〉〈Xn|χ¯βn|0〉 =
∫
d4p
(2pi)3
p+
n/
2
Jq(p
2, µ)δαβ, (2.15)
and Jg is similarly defined in terms of B⊥µ,an . The functions Jk are governed by the “ultra-
collinear” modes, which scale as puc = (p
+
uc, p
−
uc,p
⊥
uc) = p
J
T (1,M
2
J/p
J2
T ,MJ/p
J
T ).
Finally the csoft functions Sk describe the interaction of the csoft modes, which scale as
pµcs = (p
+
cs, p
−
cs,p
⊥
cs) ∼
M2J
pJTR
2
(1, R2, R) = ρpJT (1, R
2, R). (2.16)
The quark csoft function Sq is defined as
Sq(M
2 = p+J `−, µ) =
1
p+JNc
Tr 〈0|Y †n,csYn,csδ(`− + Θ(R− θ)i∂−)Y †n,csYn,cs|0〉, (2.17)
where Yn(n),cs are the csoft Wilson lines, in which the soft gauge field in the soft Wilson
lines [14] is replaced by the csoft gauge field. The gluon csoft function Sg is expressed in terms
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of the csoft Wilson lines in the adjoint representation. Note that the collinear and csoft modes
are sensitive to the jet boundary characterized by the jet radius R, while the ultracollinear
modes are too narrow to recognize it. The large energy hierarchy between the collinear and
csoft modes could give rise to large nonglobal logarithms (NGLs) [54, 55], which give sizable
uncertainty in estimating the small jet mass distributions.
3 Jet grooming and the groomed jet mass distribution
We employ mMDT [2] for grooming, which involves two parameters yc and µ. It is prescribed
as follows: For an initial jet j,
1. Decluster the jet j into two subjets j1 and j2 with mj1 > mj2 by undoing the last
clustering process.
2. If there is a significant mass drop, mj1 < µmj , and the splitting satisfies the criterion
min(p2Tj1 , p
2
Tj2)
∆R2j1j2
m2j
> yc, (3.1)
then take j to be the tagged jet.
3. Otherwise redefine j to be that of j1 and j2 with the larger transverse mass m
2 + p2T and
go back to step 1 (unless j consists of a single particle, in which case the original jet is
deemed untagged.)
At leading order in which the jet consists of two partons, when the jet is declustered, each
jet is massless and the mass drop condition is automatically satisfied and the parameter µ is
irrelevant. Then, if the criterion in Eq. (3.1) is satisfied, the jet is tagged. Otherwise, the jet
does not contribute to the tagged jet mass distribution. On the other hand, soft drop has a
more generalized criterion. Compared to the mMDT condition in Eq. (3.1), it is given as
min(pt1, pt2)
pt1 + pt2
> zcut
(θ12
R
)β
, (3.2)
where zcut has the same role as yc in mMDT and β is the angular exponent to control the
dependence of the angle between the two partons, θ12 =
√
∆y212 + ∆φ
2
12. The limit β → 0
corresponds to mMDT. We will also use soft drop in the midrange and peak regions.
This is the original prescription, but we further implement the idea of “grooming”, which
always returns a groomed jet. It means that, when a single particle remains in the jet after
grooming, we include the contribution of the single particle to the groomed jet mass distri-
bution. That is, we include the contribution of the jet mass with MJ = 0. Even though the
criterion for mMDT or soft drop is not satisfied, the remaining particles contribute to the jet
mass. It also holds when only a single particle remains in the jet. Therefore the “groomed
jet mass distribution” starts from δ(M2J ) at order α
0
s. Also at NLO, we include the virtual
corrections to the jet mass distribution, which cancel the IR divergence in the real emissions.
This makes the resultant groomed jet mass distribution IR safe even in the limit MJ → 0.
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Since we do not drop any event as in the plain jet mass, the normalization is the same as in
the plain jet mass distribution, i.e.,∫
dM2J Φk=q,g(yc,M
2
J ) =
∫
dM2J Φ
pl
k (M
2
J ) = 1, (3.3)
where Φk(yc,M
2
J ) is the groomed jet mass distribution. Despite the same normalization, the
dependence of the groomed jet mass distribution on MJ is different from that of the plain jet
mass distribution since the jet mass is different in the regions where the criterion for mMDT
in Eq. (3.1), or for soft drop in Eq. (3.2) is not satisfied.
By applying grooming with mMDT to Eq. (2.11), as prescribed above, the groomed jet
mass distribution at NLO in αs can be expressed as
Φk(yc,M
2
J ) =
∑
l=q,q¯,g
[∫ zmax
zmin
dzz Gl/Jk(z,M2J )
+δ(M2J )
(∫ zmin
0
dz +
∫ 1
zmax
dz
)∫ M2max
0
dM2z Gl/Jk(z,M2)
]
,
(3.4)
where zmin = yc/(1 + yc) and zmax = 1/(1 + yc), and M
2
max = z(1 − z)pJ2T R2. At NLO, if the
criterion Eq. (3.1) is not satisfied, only a single energetic particle is included. It is given by
the second term in Eq. (3.4), proportional to δ(M2J ), and the virtual corrections are included.
If the second term is discarded in Eq. (3.4), it corresponds to the jet tagging, in which no
single energetic parton is included in the final jet. We can show that the jet mass distribution
in this case becomes IR sensitive as MJ goes to zero from explicit calculations at NLO. Let us
consider the region ρ ∼ yc ∼ O(1) as an example. In this region, only the collinear modes with
(p+c , p
−
c ,p
⊥
c ) ∼ pJT (1, R2, R) contribute to the jet mass distribution. We obtain the “tagged jet
mass distribution” as
Φtagk=q,g(yc,M
2
J ) =
αsCk
2pi
{
−δ(M2J )
( 1
IR
+ ln
µ2
M2c
+ hk(yc)
)
+fk(w)
θ(M2J −M2c )
M2J
+ gk(yc)
[θ(M2c −M2J )
M2J
]
M2c
}
, (3.5)
where Ck = CF , CA for k = q, g, M
2
c = p
J2
T R
2yc/(1 + yc)
2 and w =
√
1− 4M2J/(pJTR)2. The
functions fk(y), gk(w), and hk(y) are given in Eq. (A.3), Eq. (A.4), and Eq. (A.6) respectively.
In extracting the IR divergence as M2J goes to zero, we employ the “Λ-distribution”, which is
defined as∫ M2
0
dM2[G(M2)]Λ2F (M
2) =
∫ M2
0
dM2G(M2)F (M2)−
∫ Λ2
0
dM2G(M2)F (0), (3.6)
for any smooth function F (M2) near M2 = 0. In Eq. (3.5), Λ2 has been set to M2c .
Due to the IR divergence proportional to δ(M2J ) in Eq. (3.5), it is not possible to normalize
the distribution unless we impose a small nonzero jet mass cut, MJ,cut. Then the normalization
– 8 –
of the tagged jet mass distribution depends on the mass cut, which results in unwanted uncer-
tainty. For example, if MJ,cut  pJTR, the normalization involves a large logarithm involving
the mass cut.
On the other hand, the groomed jet mass distribution is IR safe since the second term in
Eq. (3.4) cancels the IR divergence in the tagged distribution. The NLO result reads
Φk(yc,M
2
J ) = δ(M
2
J )
(
1− αsCk
2pi
Ik(yc)
)
+
αsCk
2pi
{
fk(w)
θ(M2J −M2c )
M2J
+ gk(yc)
[θ(M2c −M2J )
M2J
]
M2c
}
, (3.7)
where the functions Ik(y) are given in Eq. (A.1). Note that the groomed jet mass distribution
in Eq. (3.7) is the same as the tagged case in Eq. (3.5) except the terms proportional to
δ(M2J ). Therefore, for the jet mass distribution, the distinction between “jet grooming” and
“jet tagging” is related to the issue on how to treat the jet with MJ = 0, e. g., with a single
parton in the jet.
There is a theoretical advantage in taking grooming over tagging. First, we can properly
normalize the jet mass distribution in Eq. (3.3) without imposing the mass cut. Second,
since we keep the leading-order (LO) result, the nonzero MJ part appears at NLO in the
grooming procedure.2 This makes it convenient to factorize the jet mass distribution when
we consider various small limits of ρ and yc. Through the NLO calculations in various limits,
we can understand the factorization structure and its consistency transparently. Moreover,
the resummation of the large logarithms arising from small ρ and yc can be systematically
performed mainly from the NLO results of each factorized part, as we will show later. In the
next section, we investigate the groomed jet mass distributions in various limits of ρ and yc.
We employ appropriate effective theories for different modes in each region to establish the
factorization.
4 Groomed jet mass distribution in various regions
In Eq. (3.7), we have considered the groomed jet mass distribution in the tail region ρ ∼ yc ∼
O(1) without taking specific limits on ρ = M2/(pJTR)2 and yc. In this case, we can describe
the distribution only with the collinear modes scaling as (p+c , p
−
c ,p
⊥
c ) ∼ pJT (1, R2, R). In this
section, we consider the cases with small jet mass for different hierarchies of ρ and yc. They
are given as
(a) ρ yc ∼ O(1), (b) yc  1,
{
ρ ∼ yc : the midrange region
ρ yc : the peak region. (4.1)
Since the jet mass is small, there exist characteristic scales smaller than the collinear scale
µc ∼ pJTR. In fact, various subsets of the collinear modes are required to describe the dynamics
at lower scales than the collinear scale.
2In tagging, since the second term in Eq. (3.4) is removed, the LO result appears at order αs, hence the
NLO result is counted as O(α2s). Therefore two-loop calculations for the jet mass are needed in order to resum
the large logarithms via the RG equations in the tagging procedure.
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z
<latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFCudaCY=">AAAFtnicdZTfb9MwEMe 9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlh eC4VAo8ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6ofFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXes FjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMcOkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2U5CKvojfu9rzo E85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn +8JbIG4prxTNRUZx6i7TzxozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxKwVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoF WCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ/lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit><latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFCudaCY=">AAAFtnicdZTfb9MwEMe 9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlh eC4VAo8ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6ofFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXes FjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMcOkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2U5CKvojfu9rzo E85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn +8JbIG4prxTNRUZx6i7TzxozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxKwVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoF WCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ/lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit><latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFCudaCY=">AAAFtnicdZTfb9MwEMe 9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlh eC4VAo8ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6ofFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXes FjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMcOkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2U5CKvojfu9rzo E85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn +8JbIG4prxTNRUZx6i7TzxozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxKwVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoF WCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ/lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit><latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFCudaCY=">AAAFtnicdZTfb9MwEMe 9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlh eC4VAo8ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6ofFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXes FjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMcOkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2U5CKvojfu9rzo E85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn +8JbIG4prxTNRUZx6i7TzxozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxKwVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoF WCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ/lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit>zmin
<latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKi iPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i 6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLo jQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIB X8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi2 9AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOg SLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiK nR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y 8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WB Fyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl /0eUQkg==</latexit><latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKi iPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i 6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLo jQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIB X8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi2 9AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOg SLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiK nR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y 8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WB Fyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl /0eUQkg==</latexit><latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKi iPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i 6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLo jQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIB X8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi2 9AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOg SLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiK nR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y 8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WB Fyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl /0eUQkg==</latexit><latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKi iPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i 6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLo jQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIB X8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi2 9AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOg SLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiK nR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y 8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WB Fyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl /0eUQkg==</latexit>
zmin
<latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0 UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPU jNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2 rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqR XORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug 3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQkg==</latexit><latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0 UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPU jNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2 rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqR XORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug 3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQkg==</latexit><latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0 UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPU jNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2 rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqR XORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug 3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQkg==</latexit><latexit sha1_base64="XRsmqkYYC19ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0 UvHINEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPXi43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46GcLojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPU jNF0b/smK0pccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0VFrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2 rX72eC/MQl5yAKm824duN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqR XORWT4LlxlnzRnU+vUauO4Qsh1h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGKiuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug 3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQkg==</latexit>
zmax
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M2<latexit sha1_base64="Mc 0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEM fd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2v sb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+H dj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqgg R4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418 f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0 kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YW Jau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8Z JEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS 27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbje FJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLap GNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgV WcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0H qpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frI CLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+ oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1Ry TSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPim edy20WP0FD1DMXqJDtE7NEJHCKMZ+ol+od+9170vvVmPLtH NjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc 0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEM fd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2v sb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+H dj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqgg R4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418 f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0 kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YW Jau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8Z JEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS 27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbje FJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLap GNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgV WcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0H qpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frI CLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+ oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1Ry TSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPim edy20WP0FD1DMXqJDtE7NEJHCKMZ+ol+od+9170vvVmPLtH NjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc 0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEM fd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2v sb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+H dj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqgg R4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418 f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0 kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YW Jau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8Z JEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS 27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbje FJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLap GNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgV WcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0H qpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frI CLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+ oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1Ry TSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPim edy20WP0FD1DMXqJDtE7NEJHCKMZ+ol+od+9170vvVmPLtH NjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc 0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEM fd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2v sb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+H dj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqgg R4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418 f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0 kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YW Jau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8Z JEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS 27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbje FJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLap GNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgV WcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0H qpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frI CLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+ oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1Ry TSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPim edy20WP0FD1DMXqJDtE7NEJHCKMZ+ol+od+9170vvVmPLtH NjWbNI9QaPfUPxPULzQ==</latexit> M2<latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4 lTBhQtSEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmj Ga7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+w Nq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnF JBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJH CKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4 lTBhQtSEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmj Ga7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+w Nq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnF JBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJH CKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4 lTBhQtSEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmj Ga7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+w Nq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnF JBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJH CKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4 lTBhQtSEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmj Ga7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+w Nq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnF JBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJH CKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit>
ultracollinear
<latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt 0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UH g8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgc AjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9S yUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjb IIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AYCOTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</l atexit><latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt 0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UH g8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgc AjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9S yUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjb IIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AYCOTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</l atexit><latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt 0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UH g8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgc AjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9S yUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjb IIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AYCOTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</l atexit><latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt 0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UH g8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgc AjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9S yUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjb IIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AYCOTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</l atexit>
ultracollinear
<latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14 rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UHg8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgcAjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ 1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9SyUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjbIIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AY COTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</latexit><latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14 rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UHg8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgcAjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ 1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9SyUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjbIIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AY COTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</latexit><latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14 rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UHg8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgcAjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ 1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9SyUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjbIIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AY COTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</latexit><latexit sha1_base64="QMcLAU2gdvhZpsh/OjayVvJGCt0=">AAACAHicbVBNSwMxEJ2tX7V+rXrw4CVYBE9lVwQ9Fr14 rGBroV1KNs22oUl2SbJCWfbiX/HiQRGv/gxv/huz7R609UHg8d7MZOaFCWfaeN63U1lZXVvfqG7WtrZ3dvfc/YOOjlNFaJvEPFbdEGvKmaRtwwyn3URRLEJOH8LJTeE/PFKlWSzvzTShgcAjySJGsLHSwD3qC2zGSmQpNwrbecUgrPKBW/ca3gxomfglqUOJ 1sD96g9jkgoqDeFY657vJSbIsDKMcJrX+qmmCSYTPKI9SyUWVAfZ7IAcnVpliKJY2ScNmqm/OzIstJ6K0FYW6+pFrxD/83qpia6CjMkkNVSS+UdRypGJUZEGGjJFieFTSzBRzO6KyBjbIIzNrGZD8BdPXiad84bvNfy7i3rzuoyjCsdwAmfgwyU04RZa0AY COTzDK7w5T86L8+58zEsrTtlzCH/gfP4ABgqXTw==</latexit>
ucsoft
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(a) yc ⇠ O(1)
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(b) yc ⌧ 1
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Figure 1. Subsets of the collinear modes are shown in the z-M2 space for (a) yc ∼ O(1) and (b)
yc  1. Here z is the energy fraction of a parton and M2 is the invariant mass squared. The parabola
is the jet boundary, dictated by the kT-type algorithm. The region between zmax and zmin under the
parabola is the region satisfying the mMDT criterion, Eq. (3.1).
In case (a) with ρ  yc ∼ O(1), the collinear mode cannot contribute to the small jet
mass since p2c  M2J . Instead the ultracollinear modes contribute to the jet mass, with the
scaling
pµuc ∼ pJT
(
1,
M2J
pJ2T
,
MJ
pJT
)
= pJT (1, ρR
2,
√
ρR), (4.2)
where p2uc ∼ M2J = ρ(pJTR)2, which is suppressed by ρ compared to p2c . The ultracollinear
mode is insensitive to the jet boundary. Fig. 1-(a) shows the ultracollinear mode for case (a)
in Eq. (4.1), responsible for narrow energetic radiations inside the jet. Since zmax (zmin) is of
O(1), csoft and soft radiations do not contribute.
In case (b) with yc  1 in Eq. (4.1), in addition to the ultracollinear mode, there exist other
modes due to the smallness of yc. In the midrange region where ρ ∼ yc (M2J ∼M2c ∼ yc(pJTR)2),
the csoft mode can contribute to the nonzero groomed jet mass in addition to the ultracollinear
mode, as illustrated in Fig. 1-(b). Here the csoft momentum scales as
pµcs ∼ ycpJT (1, R2, R) with p2cs ∼ (ycpJTR)2. (4.3)
Hence the csoft contribution to the jet mass M2cs = p
+
J p
−
cs is power counted as yc(p
J
TR)
2 and
comparable to the jet mass squared in this region. The csoft mode is the scaled-down version
of the collinear mode, hence sensitive to the jet boundary, as shown in Fig. 1-(b).
In the peak region with ρ  yc  1, we need much narrower version of the csoft mode
to produce much smaller nonzero jet mass. We call this mode the ultracollinear-soft (ucsoft)
mode, which scales as
pµucs ∼ ycpJT
(
1,
M2J
ycpJ2T
,
MJ√
ycpJT
)
∼ ycpJT
(
1, R2
ρ
yc
, R
√
ρ
yc
)
, (4.4)
with p2ucs ∼ ycM2J . Therefore the ucsoft mode is much narrower than the csoft mode although
the largest momentum component is of the same magnitude ycp
J
T . The ucsoft mode cannot
read the jet boundary, as can be seen in Fig. 1-(b).
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M2 = p+J k+R
02/4
<latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbtMwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6L Jc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xOQQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+X PtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nEUBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/iYjAUhgOUsLshjCwiHONNJlsWtqJSNv vzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12gffUBDdIgwukC/0G/0 p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit><latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbtMwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6L Jc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xOQQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+X PtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nEUBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/iYjAUhgOUsLshjCwiHONNJlsWtqJSNv vzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12gffUBDdIgwukC/0G/0 p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit><latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbtMwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6L Jc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xOQQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+X PtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nEUBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/iYjAUhgOUsLshjCwiHONNJlsWtqJSNv vzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12gffUBDdIgwukC/0G/0 p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit><latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbtMwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6L Jc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xOQQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+X PtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nEUBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/iYjAUhgOUsLshjCwiHONNJlsWtqJSNv vzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12gffUBDdIgwukC/0G/0 p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit>
ycp
+
J
<latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VP wCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5k YM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6g zmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq 50ax5glqjd/EPFIQOKQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VP wCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5k YM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6g zmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq 50ax5glqjd/EPFIQOKQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VP wCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5k YM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6g zmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq 50ax5glqjd/EPFIQOKQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VP wCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5k YM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6g zmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq 50ax5glqjd/EPFIQOKQ==</latexit>
ycp
+
J
<latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCu Jz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnn Tdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/Fqt ymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQO KQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCu Jz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnn Tdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/Fqt ymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQO KQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCu Jz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnn Tdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/Fqt ymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQO KQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCu Jz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5AgLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMDnMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnn Tdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUNYWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/Fqt ymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCGHE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQO KQ==</latexit>
csoft : ⇢ ⇠ yc ⌧ 1
<latexit sha1_base64="1M28Vf/61YUw4iB5UMagJ3Nqa3Q=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Bo h9SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjmKN5v/zjD2edSpprk2//3dj88ZW5+at7dvdO3fv3X+ws/vwWItCYXKEBRXqNAVNaM7JkckNJadSEWApJSfpp3deP5kTpXPBP5pSkhGDKc+zHINxrvHOk4SpCmuRGfvmPFEzESU6Z1E5xlFCaRSPd3r9/X49o rYRL40eWo7BeHfrZzIRuGCEG0xB62Hcl2ZUgTI5psR2k0ITCfgTTMnQmRwY0aOqPomN9pxnEmVCuT83Ue1dX1EB07pkqSMZmJkONe+8ThsWJns9qnIuC0M4XiTKChoZEfmyRJNcEWxo6QzAKnd7jfAMFGDjitft7q3nkUBd9biwTTcpKFFzFnj9ViR8C2H51R9Q22434e QLFowBn1RJxrQdxqOq6sU2eep/L2yLoAFSQ02KYesmlxoDDQIwtZQUC5XB1aJqYMOYKbF+mua8Ip+Lun+sjZoM8Qxx1n+JlMBaGA5KQXlNGFjFuUKajJhbPxHlWz84iXSSJEoG7omPOoHplKhA4WuxKrfpQPVy5pqhLn+TtNVBa/s8WMAvqaAUy4tM0sxfZpg1pVDrZyv grEXIZoTx8thtLgx1SbZCLvovSQWd+A9N0BoPoVXeJnaVPyi89oXPtaRQalO6Z6BVsdQRXPCCpe5ywkqBXw9UzmCsWyKRXnVzTl2/BYHnC3UOagW4Jy0OH7C2cXywH/f34w8ve4dvl4/bNnqMnqHnKEav0CF6jwboCGF0gX6h3+hP57Rz3rnofF+gmxvLNY9QY3R+/AM +xhet</latexit><latexit sha1_base64="1M28Vf/61YUw4iB5UMagJ3Nqa3Q=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Bo h9SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjmKN5v/zjD2edSpprk2//3dj88ZW5+at7dvdO3fv3X+ws/vwWItCYXKEBRXqNAVNaM7JkckNJadSEWApJSfpp3deP5kTpXPBP5pSkhGDKc+zHINxrvHOk4SpCmuRGfvmPFEzESU6Z1E5xlFCaRSPd3r9/X49o rYRL40eWo7BeHfrZzIRuGCEG0xB62Hcl2ZUgTI5psR2k0ITCfgTTMnQmRwY0aOqPomN9pxnEmVCuT83Ue1dX1EB07pkqSMZmJkONe+8ThsWJns9qnIuC0M4XiTKChoZEfmyRJNcEWxo6QzAKnd7jfAMFGDjitft7q3nkUBd9biwTTcpKFFzFnj9ViR8C2H51R9Q22434e QLFowBn1RJxrQdxqOq6sU2eep/L2yLoAFSQ02KYesmlxoDDQIwtZQUC5XB1aJqYMOYKbF+mua8Ip+Lun+sjZoM8Qxx1n+JlMBaGA5KQXlNGFjFuUKajJhbPxHlWz84iXSSJEoG7omPOoHplKhA4WuxKrfpQPVy5pqhLn+TtNVBa/s8WMAvqaAUy4tM0sxfZpg1pVDrZyv grEXIZoTx8thtLgx1SbZCLvovSQWd+A9N0BoPoVXeJnaVPyi89oXPtaRQalO6Z6BVsdQRXPCCpe5ywkqBXw9UzmCsWyKRXnVzTl2/BYHnC3UOagW4Jy0OH7C2cXywH/f34w8ve4dvl4/bNnqMnqHnKEav0CF6jwboCGF0gX6h3+hP57Rz3rnofF+gmxvLNY9QY3R+/AM +xhet</latexit><latexit sha1_base64="1M28Vf/61YUw4iB5UMagJ3Nqa3Q=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Bo h9SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjmKN5v/zjD2edSpprk2//3dj88ZW5+at7dvdO3fv3X+ws/vwWItCYXKEBRXqNAVNaM7JkckNJadSEWApJSfpp3deP5kTpXPBP5pSkhGDKc+zHINxrvHOk4SpCmuRGfvmPFEzESU6Z1E5xlFCaRSPd3r9/X49o rYRL40eWo7BeHfrZzIRuGCEG0xB62Hcl2ZUgTI5psR2k0ITCfgTTMnQmRwY0aOqPomN9pxnEmVCuT83Ue1dX1EB07pkqSMZmJkONe+8ThsWJns9qnIuC0M4XiTKChoZEfmyRJNcEWxo6QzAKnd7jfAMFGDjitft7q3nkUBd9biwTTcpKFFzFnj9ViR8C2H51R9Q22434e QLFowBn1RJxrQdxqOq6sU2eep/L2yLoAFSQ02KYesmlxoDDQIwtZQUC5XB1aJqYMOYKbF+mua8Ip+Lun+sjZoM8Qxx1n+JlMBaGA5KQXlNGFjFuUKajJhbPxHlWz84iXSSJEoG7omPOoHplKhA4WuxKrfpQPVy5pqhLn+TtNVBa/s8WMAvqaAUy4tM0sxfZpg1pVDrZyv grEXIZoTx8thtLgx1SbZCLvovSQWd+A9N0BoPoVXeJnaVPyi89oXPtaRQalO6Z6BVsdQRXPCCpe5ywkqBXw9UzmCsWyKRXnVzTl2/BYHnC3UOagW4Jy0OH7C2cXywH/f34w8ve4dvl4/bNnqMnqHnKEav0CF6jwboCGF0gX6h3+hP57Rz3rnofF+gmxvLNY9QY3R+/AM +xhet</latexit><latexit sha1_base64="1M28Vf/61YUw4iB5UMagJ3Nqa3Q=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Bo h9SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjmKN5v/zjD2edSpprk2//3dj88ZW5+at7dvdO3fv3X+ws/vwWItCYXKEBRXqNAVNaM7JkckNJadSEWApJSfpp3deP5kTpXPBP5pSkhGDKc+zHINxrvHOk4SpCmuRGfvmPFEzESU6Z1E5xlFCaRSPd3r9/X49o rYRL40eWo7BeHfrZzIRuGCEG0xB62Hcl2ZUgTI5psR2k0ITCfgTTMnQmRwY0aOqPomN9pxnEmVCuT83Ue1dX1EB07pkqSMZmJkONe+8ThsWJns9qnIuC0M4XiTKChoZEfmyRJNcEWxo6QzAKnd7jfAMFGDjitft7q3nkUBd9biwTTcpKFFzFnj9ViR8C2H51R9Q22434e QLFowBn1RJxrQdxqOq6sU2eep/L2yLoAFSQ02KYesmlxoDDQIwtZQUC5XB1aJqYMOYKbF+mua8Ip+Lun+sjZoM8Qxx1n+JlMBaGA5KQXlNGFjFuUKajJhbPxHlWz84iXSSJEoG7omPOoHplKhA4WuxKrfpQPVy5pqhLn+TtNVBa/s8WMAvqaAUy4tM0sxfZpg1pVDrZyv grEXIZoTx8thtLgx1SbZCLvovSQWd+A9N0BoPoVXeJnaVPyi89oXPtaRQalO6Z6BVsdQRXPCCpe5ywkqBXw9UzmCsWyKRXnVzTl2/BYHnC3UOagW4Jy0OH7C2cXywH/f34w8ve4dvl4/bNnqMnqHnKEav0CF6jwboCGF0gX6h3+hP57Rz3rnofF+gmxvLNY9QY3R+/AM +xhet</latexit>
ucsoft : ⇢⌧ yc ⌧ 1
<latexit sha1_base64="jSCpJHmSrQ0jkL/2FDXNbNyLaEw=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Boh9 SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjuKM5v/zjD2eOJU016bf/7uxeWOrc/PW9u3unbv37j/Y2X14rEWhMDnCggp1moImNOfkyOSGklOpCLCUkpP00zuvn8yJ0rngH00pyYjBlOdZjsE413jnScJUVWAtMmPfnCdqJqKE0qgc4/o3Hu/0+vv9ekRtI14aPbQcg /Hu1s9kInDBCDeYgtbDuC/NqAJlckyJ7SaFJhLwJ5iSoTM5MKJHVX0SG+05zyTKhHJfbqLau76iAqZ1yVJHMjAzHWreeZ02LEz2elTlXBaGcLxIlBU0MiLyZYkmuSLY0NIZgFXu9hrhGSjAxhWv291bzyOBuupxYZtuUlCi5izw+q1I+BbC8qs/oLbdbsLJFywYAz6pkoxpO4 xHVdWLbfLUf17YFkEDpIaaFMPWTS41BhoEYGopKRYqg6tF1cCGMVNi/TTNeUU+F3X/WBs1GeIZ4qz/EimBtTAclILymjCwinOFNBkxt34iyrd+cBLpJEmUDNwTH3UC0ylRgcLXYlVu04Hq5cw1Q13+Jmmrg9b2ebCAX1JBKZYXmaSZv8wwa0qh1s9WwFmLkM0I4+Wx21wY6pJs hVz0X5IKOvF/NEFrPIRWeZvYVf6g8NoXPteSQqlN6Z6BVsVSR3DBC5a6ywkrBX49UDmDsW6JRHrVzTl1/RYEni/UOagV4J60OHzA2sbxwX7c348/vOwdvl0+btvoMXqGnqMYvUKH6D0aoCOE0QX6hX6jP53TznnnovN9gW5uLNc8Qo3R+fEPVS4XsQ==</latexit><latexit sha1_base64="jSCpJHmSrQ0jkL/2FDXNbNyLaEw=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Boh9 SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjuKM5v/zjD2eOJU016bf/7uxeWOrc/PW9u3unbv37j/Y2X14rEWhMDnCggp1moImNOfkyOSGklOpCLCUkpP00zuvn8yJ0rngH00pyYjBlOdZjsE413jnScJUVWAtMmPfnCdqJqKE0qgc4/o3Hu/0+vv9ekRtI14aPbQcg /Hu1s9kInDBCDeYgtbDuC/NqAJlckyJ7SaFJhLwJ5iSoTM5MKJHVX0SG+05zyTKhHJfbqLau76iAqZ1yVJHMjAzHWreeZ02LEz2elTlXBaGcLxIlBU0MiLyZYkmuSLY0NIZgFXu9hrhGSjAxhWv291bzyOBuupxYZtuUlCi5izw+q1I+BbC8qs/oLbdbsLJFywYAz6pkoxpO4 xHVdWLbfLUf17YFkEDpIaaFMPWTS41BhoEYGopKRYqg6tF1cCGMVNi/TTNeUU+F3X/WBs1GeIZ4qz/EimBtTAclILymjCwinOFNBkxt34iyrd+cBLpJEmUDNwTH3UC0ylRgcLXYlVu04Hq5cw1Q13+Jmmrg9b2ebCAX1JBKZYXmaSZv8wwa0qh1s9WwFmLkM0I4+Wx21wY6pJs hVz0X5IKOvF/NEFrPIRWeZvYVf6g8NoXPteSQqlN6Z6BVsVSR3DBC5a6ywkrBX49UDmDsW6JRHrVzTl1/RYEni/UOagV4J60OHzA2sbxwX7c348/vOwdvl0+btvoMXqGnqMYvUKH6D0aoCOE0QX6hX6jP53TznnnovN9gW5uLNc8Qo3R+fEPVS4XsQ==</latexit><latexit sha1_base64="jSCpJHmSrQ0jkL/2FDXNbNyLaEw=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Boh9 SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjuKM5v/zjD2eOJU016bf/7uxeWOrc/PW9u3unbv37j/Y2X14rEWhMDnCggp1moImNOfkyOSGklOpCLCUkpP00zuvn8yJ0rngH00pyYjBlOdZjsE413jnScJUVWAtMmPfnCdqJqKE0qgc4/o3Hu/0+vv9ekRtI14aPbQcg /Hu1s9kInDBCDeYgtbDuC/NqAJlckyJ7SaFJhLwJ5iSoTM5MKJHVX0SG+05zyTKhHJfbqLau76iAqZ1yVJHMjAzHWreeZ02LEz2elTlXBaGcLxIlBU0MiLyZYkmuSLY0NIZgFXu9hrhGSjAxhWv291bzyOBuupxYZtuUlCi5izw+q1I+BbC8qs/oLbdbsLJFywYAz6pkoxpO4 xHVdWLbfLUf17YFkEDpIaaFMPWTS41BhoEYGopKRYqg6tF1cCGMVNi/TTNeUU+F3X/WBs1GeIZ4qz/EimBtTAclILymjCwinOFNBkxt34iyrd+cBLpJEmUDNwTH3UC0ylRgcLXYlVu04Hq5cw1Q13+Jmmrg9b2ebCAX1JBKZYXmaSZv8wwa0qh1s9WwFmLkM0I4+Wx21wY6pJs hVz0X5IKOvF/NEFrPIRWeZvYVf6g8NoXPteSQqlN6Z6BVsVSR3DBC5a6ywkrBX49UDmDsW6JRHrVzTl1/RYEni/UOagV4J60OHzA2sbxwX7c348/vOwdvl0+btvoMXqGnqMYvUKH6D0aoCOE0QX6hX6jP53TznnnovN9gW5uLNc8Qo3R+fEPVS4XsQ==</latexit><latexit sha1_base64="jSCpJHmSrQ0jkL/2FDXNbNyLaEw=">AAAF1nicdZTNbhMxEMfd0kAJXy0cObAQVeJUshUSiFMFF45Boh9 SNopmHW+ywl/Y3sCydW8VV96AB+AKD8PbYG/SNOstjuKM5v/zjD2eOJU016bf/7uxeWOrc/PW9u3unbv37j/Y2X14rEWhMDnCggp1moImNOfkyOSGklOpCLCUkpP00zuvn8yJ0rngH00pyYjBlOdZjsE413jnScJUVWAtMmPfnCdqJqKE0qgc4/o3Hu/0+vv9ekRtI14aPbQcg /Hu1s9kInDBCDeYgtbDuC/NqAJlckyJ7SaFJhLwJ5iSoTM5MKJHVX0SG+05zyTKhHJfbqLau76iAqZ1yVJHMjAzHWreeZ02LEz2elTlXBaGcLxIlBU0MiLyZYkmuSLY0NIZgFXu9hrhGSjAxhWv291bzyOBuupxYZtuUlCi5izw+q1I+BbC8qs/oLbdbsLJFywYAz6pkoxpO4 xHVdWLbfLUf17YFkEDpIaaFMPWTS41BhoEYGopKRYqg6tF1cCGMVNi/TTNeUU+F3X/WBs1GeIZ4qz/EimBtTAclILymjCwinOFNBkxt34iyrd+cBLpJEmUDNwTH3UC0ylRgcLXYlVu04Hq5cw1Q13+Jmmrg9b2ebCAX1JBKZYXmaSZv8wwa0qh1s9WwFmLkM0I4+Wx21wY6pJs hVz0X5IKOvF/NEFrPIRWeZvYVf6g8NoXPteSQqlN6Z6BVsVSR3DBC5a6ywkrBX49UDmDsW6JRHrVzTl1/RYEni/UOagV4J60OHzA2sbxwX7c348/vOwdvl0+btvoMXqGnqMYvUKH6D0aoCOE0QX6hX6jP53TznnnovN9gW5uLNc8Qo3R+fEPVS4XsQ==</latexit>
(a)
<latexit sha1_base64="OeuiJQG2+SM6RLP3mFpXos 5WBEw=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQuJVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+Jt sDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4 yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfw2o53e/3Dfj2ithEvjR5ZjsF4b+tPkhW05CgMZaD1MO5LM6p AmZwytN2k1CiBXsIUh84UwFGPqnrDNtp3niyaFMr9hYlq7/qKCrjWc546koO50KHmnXdpw9JM3o+qXMjSoKCLRJO SRaaI/OmjLFdIDZs7A6jK3V4jegEKqHE16nb31/NIYK5IorBNN5YM1YwHXr8VCT9CWH73B9S2200EXtGCcxBZlU y4tsN4VFW92CYv/e+NbREsQGqoSXFq3eRSU2BBAK6WkuKhMrhdVA1sGDNF66dpLir8VtZtYm3UZNAz6Kz/EinCWh gBSsH8jjCwinOLNJliZv2Eynd4cBLpJIlKBu7MR81gOkUVKGItVuU2HahenrhmqMvfJG111Nq+CBaIGyooxfIik 3TiLzPMmjKo9esVcN0iZDPCeHnsNheGuiFbIRf9l6QFy/yHVrAaD6FV3iZ2mz8ovPaFz7VkMNdm7p6BVsVSR4hCl Dx1lxNWCvx6YPICxrolovSqm3Pm+i0IPFuoM1ArwD1pcfiAtY3To8O4fxh/eds7/rh83LbJC/KKHJCYvCPH5DMZk BNCCSM/yS/yu/Ohgx3WEQt0c2O55jlpjM7VP2l+Dgc=</latexit><latexit sha1_base64="OeuiJQG2+SM6RLP3mFpXos 5WBEw=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQuJVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+Jt sDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4 yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfw2o53e/3Dfj2ithEvjR5ZjsF4b+tPkhW05CgMZaD1MO5LM6p AmZwytN2k1CiBXsIUh84UwFGPqnrDNtp3niyaFMr9hYlq7/qKCrjWc546koO50KHmnXdpw9JM3o+qXMjSoKCLRJO SRaaI/OmjLFdIDZs7A6jK3V4jegEKqHE16nb31/NIYK5IorBNN5YM1YwHXr8VCT9CWH73B9S2200EXtGCcxBZlU y4tsN4VFW92CYv/e+NbREsQGqoSXFq3eRSU2BBAK6WkuKhMrhdVA1sGDNF66dpLir8VtZtYm3UZNAz6Kz/EinCWh gBSsH8jjCwinOLNJliZv2Eynd4cBLpJIlKBu7MR81gOkUVKGItVuU2HahenrhmqMvfJG111Nq+CBaIGyooxfIik 3TiLzPMmjKo9esVcN0iZDPCeHnsNheGuiFbIRf9l6QFy/yHVrAaD6FV3iZ2mz8ovPaFz7VkMNdm7p6BVsVSR4hCl Dx1lxNWCvx6YPICxrolovSqm3Pm+i0IPFuoM1ArwD1pcfiAtY3To8O4fxh/eds7/rh83LbJC/KKHJCYvCPH5DMZk BNCCSM/yS/yu/Ohgx3WEQt0c2O55jlpjM7VP2l+Dgc=</latexit><latexit sha1_base64="OeuiJQG2+SM6RLP3mFpXos 5WBEw=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQuJVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+Jt sDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4 yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfw2o53e/3Dfj2ithEvjR5ZjsF4b+tPkhW05CgMZaD1MO5LM6p AmZwytN2k1CiBXsIUh84UwFGPqnrDNtp3niyaFMr9hYlq7/qKCrjWc546koO50KHmnXdpw9JM3o+qXMjSoKCLRJO SRaaI/OmjLFdIDZs7A6jK3V4jegEKqHE16nb31/NIYK5IorBNN5YM1YwHXr8VCT9CWH73B9S2200EXtGCcxBZlU y4tsN4VFW92CYv/e+NbREsQGqoSXFq3eRSU2BBAK6WkuKhMrhdVA1sGDNF66dpLir8VtZtYm3UZNAz6Kz/EinCWh gBSsH8jjCwinOLNJliZv2Eynd4cBLpJIlKBu7MR81gOkUVKGItVuU2HahenrhmqMvfJG111Nq+CBaIGyooxfIik 3TiLzPMmjKo9esVcN0iZDPCeHnsNheGuiFbIRf9l6QFy/yHVrAaD6FV3iZ2mz8ovPaFz7VkMNdm7p6BVsVSR4hCl Dx1lxNWCvx6YPICxrolovSqm3Pm+i0IPFuoM1ArwD1pcfiAtY3To8O4fxh/eds7/rh83LbJC/KKHJCYvCPH5DMZk BNCCSM/yS/yu/Ohgx3WEQt0c2O55jlpjM7VP2l+Dgc=</latexit><latexit sha1_base64="OeuiJQG2+SM6RLP3mFpXos 5WBEw=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQuJVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+Jt sDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4 yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfw2o53e/3Dfj2ithEvjR5ZjsF4b+tPkhW05CgMZaD1MO5LM6p AmZwytN2k1CiBXsIUh84UwFGPqnrDNtp3niyaFMr9hYlq7/qKCrjWc546koO50KHmnXdpw9JM3o+qXMjSoKCLRJO SRaaI/OmjLFdIDZs7A6jK3V4jegEKqHE16nb31/NIYK5IorBNN5YM1YwHXr8VCT9CWH73B9S2200EXtGCcxBZlU y4tsN4VFW92CYv/e+NbREsQGqoSXFq3eRSU2BBAK6WkuKhMrhdVA1sGDNF66dpLir8VtZtYm3UZNAz6Kz/EinCWh gBSsH8jjCwinOLNJliZv2Eynd4cBLpJIlKBu7MR81gOkUVKGItVuU2HahenrhmqMvfJG111Nq+CBaIGyooxfIik 3TiLzPMmjKo9esVcN0iZDPCeHnsNheGuiFbIRf9l6QFy/yHVrAaD6FV3iZ2mz8ovPaFz7VkMNdm7p6BVsVSR4hCl Dx1lxNWCvx6YPICxrolovSqm3Pm+i0IPFuoM1ArwD1pcfiAtY3To8O4fxh/eds7/rh83LbJC/KKHJCYvCPH5DMZk BNCCSM/yS/yu/Ohgx3WEQt0c2O55jlpjM7VP2l+Dgc=</latexit>
(b)
<latexit sha1_base64="1R0/1ka3lg1741UKRPCbVMTcuGM=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQu JVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+JtsDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfpazv e7fUP+/WI2ka8NHpkOQbjva0/SVbQkqMwlIHWw7gvzagCZXLK0HaTUqMEeglTHDpTAEc9quoN22jfebJoUij3FyaqvesrKuBaz3nqSA7mQoead96lDUszeT+qciFLg4IuEk1KFpki8qePslwhNWzuDKAqd3uN6AUooMbVqNvdX88jgb kiicI23VgyVDMeeP1WJPwIYfndH1DbbjcReEULzkFkVTLh2g7jUVX1Ypu89L83tkWwAKmhJsWpdZNLTYEFAbhaSoqHyuB2UTWwYcwUrZ+muajwW1m3ibVRk0HPoLP+S6QIa2EEKAXzO8LAKs4t0mSKmfUTKt/hwUmkkyQqGbgzHzWD6R RVoIi1WJXbdKB6eeKaoS5/k7TVUWv7IlggbqigFMuLTNKJv8wwa8qg1q9XwHWLkM0I4+Wx21wY6oZshVz0X5IWLPMfWsFqPIRWeZvYbf6g8NoXPteSwVybuXsGWhVLHSEKUfLUXU5YKfDrgckLGOuWiNKrbs6Z67cg8GyhzkCtAPekx eED1jZOjw7j/mH85W3v+OPycdsmL8grckBi8o4ck89kQE4IJYz8JL/I786HDnZYRyzQzY3lmuekMTpX/wBu0g4I</latexit><latexit sha1_base64="1R0/1ka3lg1741UKRPCbVMTcuGM=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQu JVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+JtsDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfpazv e7fUP+/WI2ka8NHpkOQbjva0/SVbQkqMwlIHWw7gvzagCZXLK0HaTUqMEeglTHDpTAEc9quoN22jfebJoUij3FyaqvesrKuBaz3nqSA7mQoead96lDUszeT+qciFLg4IuEk1KFpki8qePslwhNWzuDKAqd3uN6AUooMbVqNvdX88jgb kiicI23VgyVDMeeP1WJPwIYfndH1DbbjcReEULzkFkVTLh2g7jUVX1Ypu89L83tkWwAKmhJsWpdZNLTYEFAbhaSoqHyuB2UTWwYcwUrZ+muajwW1m3ibVRk0HPoLP+S6QIa2EEKAXzO8LAKs4t0mSKmfUTKt/hwUmkkyQqGbgzHzWD6R RVoIi1WJXbdKB6eeKaoS5/k7TVUWv7IlggbqigFMuLTNKJv8wwa8qg1q9XwHWLkM0I4+Wx21wY6oZshVz0X5IWLPMfWsFqPIRWeZvYbf6g8NoXPteSwVybuXsGWhVLHSEKUfLUXU5YKfDrgckLGOuWiNKrbs6Z67cg8GyhzkCtAPekx eED1jZOjw7j/mH85W3v+OPycdsmL8grckBi8o4ck89kQE4IJYz8JL/I786HDnZYRyzQzY3lmuekMTpX/wBu0g4I</latexit><latexit sha1_base64="1R0/1ka3lg1741UKRPCbVMTcuGM=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQu JVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+JtsDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfpazv e7fUP+/WI2ka8NHpkOQbjva0/SVbQkqMwlIHWw7gvzagCZXLK0HaTUqMEeglTHDpTAEc9quoN22jfebJoUij3FyaqvesrKuBaz3nqSA7mQoead96lDUszeT+qciFLg4IuEk1KFpki8qePslwhNWzuDKAqd3uN6AUooMbVqNvdX88jgb kiicI23VgyVDMeeP1WJPwIYfndH1DbbjcReEULzkFkVTLh2g7jUVX1Ypu89L83tkWwAKmhJsWpdZNLTYEFAbhaSoqHyuB2UTWwYcwUrZ+muajwW1m3ibVRk0HPoLP+S6QIa2EEKAXzO8LAKs4t0mSKmfUTKt/hwUmkkyQqGbgzHzWD6R RVoIi1WJXbdKB6eeKaoS5/k7TVUWv7IlggbqigFMuLTNKJv8wwa8qg1q9XwHWLkM0I4+Wx21wY6oZshVz0X5IWLPMfWsFqPIRWeZvYbf6g8NoXPteSwVybuXsGWhVLHSEKUfLUXU5YKfDrgckLGOuWiNKrbs6Z67cg8GyhzkCtAPekx eED1jZOjw7j/mH85W3v+OPycdsmL8grckBi8o4ck89kQE4IJYz8JL/I786HDnZYRyzQzY3lmuekMTpX/wBu0g4I</latexit><latexit sha1_base64="1R0/1ka3lg1741UKRPCbVMTcuGM=">AAAFvXicdZTNbhMxEMfd0kAJH23hyGUhqlQu JVshwY0KLhyDRD+kbBTNeifpqrbX2N6UsPVLcAWJ5+JtsDdpmvUWR7FG8/95xh7POpUs16bf/7uxeW+rc//B9sPuo8dPnu7s7j071UWpKJ7QghXqPAWNLBd4YnLD8FwqBJ4yPEsvP3n9bIZK54X4auYSRxymIp/kFIxznSdcVQfpazv e7fUP+/WI2ka8NHpkOQbjva0/SVbQkqMwlIHWw7gvzagCZXLK0HaTUqMEeglTHDpTAEc9quoN22jfebJoUij3FyaqvesrKuBaz3nqSA7mQoead96lDUszeT+qciFLg4IuEk1KFpki8qePslwhNWzuDKAqd3uN6AUooMbVqNvdX88jgb kiicI23VgyVDMeeP1WJPwIYfndH1DbbjcReEULzkFkVTLh2g7jUVX1Ypu89L83tkWwAKmhJsWpdZNLTYEFAbhaSoqHyuB2UTWwYcwUrZ+muajwW1m3ibVRk0HPoLP+S6QIa2EEKAXzO8LAKs4t0mSKmfUTKt/hwUmkkyQqGbgzHzWD6R RVoIi1WJXbdKB6eeKaoS5/k7TVUWv7IlggbqigFMuLTNKJv8wwa8qg1q9XwHWLkM0I4+Wx21wY6oZshVz0X5IWLPMfWsFqPIRWeZvYbf6g8NoXPteSwVybuXsGWhVLHSEKUfLUXU5YKfDrgckLGOuWiNKrbs6Z67cg8GyhzkCtAPekx eED1jZOjw7j/mH85W3v+OPycdsmL8grckBi8o4ck89kQE4IJYz8JL/I786HDnZYRyzQzY3lmuekMTpX/wBu0g4I</latexit>
z
<latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFC udaCY=">AAAFtnicdZTfb9MwEMe9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/ wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlheC4VAo8 ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6o fFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXesFjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMc OkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2 U5CKvojfu9rzoE85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT 1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn+8JbIG4prxTNRUZx6i7Tz xozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxK wVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoFWCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ /lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit><latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFC udaCY=">AAAFtnicdZTfb9MwEMe9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/ wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlheC4VAo8 ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6o fFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXesFjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMc OkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2 U5CKvojfu9rzoE85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT 1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn+8JbIG4prxTNRUZx6i7Tz xozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxK wVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoFWCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ /lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit><latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFC udaCY=">AAAFtnicdZTfb9MwEMe9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/ wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlheC4VAo8 ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6o fFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXesFjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMc OkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2 U5CKvojfu9rzoE85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT 1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn+8JbIG4prxTNRUZx6i7Tz xozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxK wVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoFWCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ /lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit><latexit sha1_base64="RWS5ikJC80YZ+gDQRzGJFC udaCY=">AAAFtnicdZTfb9MwEMe9scIovzZ45CVQTeJpNBMSe5zghcdOYj+kplQX59JFsx3Pdgpdlr+AV3jm7+K/ wU6zrnGGq1qn+358Z58vjiXLtBkO/25sPtjqPXy0/bj/5Omz5y92dl+e6rxQFE9oznJ1HoNGlgk8MZlheC4VAo8 ZnsWXn51+Nkels1x8NQuJEw4zkaUZBWNdx9fTncFwf1iPoGuEjTEgzRhNd7f+RElOC47CUAZaj8OhNJMSlMkow6o fFRol0EuY4diaAjjqSVnvtAr2rCcJ0lzZvzBB7V1fUQLXesFjS3IwF9rXnPM+bVyY9HBSZkIWBgVdJkoLFpg8cMc OkkwhNWxhDaAqs3sN6AUooMYWp9/fW88jgdnqiLxqu7FgqObc87qtSLj2YfnDHVBX/X4k8DvNOQeRlFHKdTUOJ2 U5CKvojfu9rzoE85AaalOcVnayqSkwLwBXjaS4r4zuFpWjyo8ZY+WmWSZKvCrq/qiqoM2gY9Ba/yVihLUwApSCxT 1hYBXnDmkz+bxyEyrX2t5JpJUkKum5Exc1gdkMlaeItVil3bSnOjm1zVCXv01W5UFn+8JbIG4prxTNRUZx6i7Tz xozqPWbFXDTIWQ7wrQ5dpfzQ92SnZDL/ovinCXuQ8tZjfvQKm8bu8vvFV67wmdaMlhos7DPQKdisSVELgoe28vxK wVuPTB5AVPdEVE61c4Zs/3mBZ4v1TmoFWCftNB/wLrG6cF+ONwPjz8Mjj41j9s2eU3eknckJB/JEflCRuSEUILkJ /lFfvcOe9962Jst0c2NZs0r0ho9+Q9jwwtW</latexit>
zmin
<latexit sha1_base64="XRsmqkYYC19 ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvH INEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPX i43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46Gc LojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0p ccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0V FrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX 4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824d uN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd 0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5 UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1 h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGK iuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX 5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQk g==</latexit><latexit sha1_base64="XRsmqkYYC19 ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvH INEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPX i43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46Gc LojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0p ccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0V FrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX 4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824d uN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd 0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5 UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1 h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGK iuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX 5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQk g==</latexit><latexit sha1_base64="XRsmqkYYC19 ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvH INEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPX i43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46Gc LojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0p ccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0V FrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX 4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824d uN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd 0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5 UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1 h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGK iuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX 5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQk g==</latexit><latexit sha1_base64="XRsmqkYYC19 ExdRVVPmZ3NKiiPo=">AAAFwXicdZTNbhMxEMddaKCErxaOXBaiSpxKtkKCY0UvH INEP6RsFM16ndSq7TW2N5C6fg2u5bV4G+zNNs16i6NYo/n/PGOPZ51LRrUZDv9uPX i43Xv0eOdJ/+mz5y9e7u69OtVlpTA5wSUr1XkOmjAqyImhhpFzqQjwnJGz/PI46Gc LojQtxXezlGTCYS7ojGIw3pVdTW3GleVUODfdHQwPhvVIukbaGAPUjNF0b/smK0p ccSIMZqD1OB1KM7GgDMWMuH5WaSIBX8KcjL0pgBM9sfWmXbLvPUUyK5X/C5PU3s0V FrjWS557koO50LEWnPdp48rMPk8sFbIyROBVolnFElMmoQJJQRXBhi29AVhRv9cEX 4ACbHyd+v39zTwSmC+UKF3bTSpG1IJH3rAVCVcxLH+FA2rX72eC/MQl5yAKm824d uN0Yu0gddnb8PvgOgSLkBpqUxw7P/nUGFgUgKtGUjxWRneL7MjFMXPiwjSnwpIfVd 0qziVthgSGeOu/RE5gI4wApWB5TxhYx7lD2ky5cGEiKnR5dBLpJUmUjNxFiFrAfE5 UpIiNWNZvOlKDPPPNUJe/TTp72Nm+iBaIWyoqRXORWT4LlxlnzRnU+vUauO4Qsh1 h2hy7y8WhbslOyFX/ZXnJivChlazGY2idt43d5Y8Kr0PhqZYMltos/TPQqVjuCVGK iuf+cuJKQVgPTF7AVHdEIoPqZ8p8v0WBFyt1AWoN+CctjR+wrnF6eJAOD9JvHwdHX 5rHbQe9Qe/Qe5SiT+gIfUUjdIIwkug3ukF/esc92pM9tUIfbDVrXqPW6Nl/0eUQk g==</latexit>
zmax
<latexit sha1_base64="TSszLTqsd6hxkwK3fBAyHCKf+u8=">AAAFwXic dZTfb9MwEMe9scIovzZ45CVQTeJpNBMSPE7shcci0W1SU1UXx+mi2Y6xnbLO87/B6/i3+G+w06xrnOGq1um+H9/Z54tTQQulh8O/W9uPdnqPn+w+7T97/uL lq73916eqrCQmY1zSUp6noAgtOBnrQlNyLiQBllJyll6eeP1sQaQqSv5DLwWZMpjzIi8waOdKrmcmYdIwuLJ2tjcYHg7rEXWNuDEGqBmj2f7ObZKVuGKEa0 xBqUk8FHpqQOoCU2L7SaWIAHwJczJxJgdG1NTUm7bRgfNkUV5K9+c6qr2bKwwwpZYsdSQDfaFCzTsf0iaVzr9MTcFFpQnHq0R5RSNdRr4CUVZIgjVdOgOwL NxeI3wBErB2der3DzbzCKCuULy0bTepKJELFnj9VgRch7C48gdUtt9POPmFS8aAZybJmbKTeGrMILbJO//7aDsEDZAaalMMWze51BhoEIDJRpIsVEb3i8zIh jFTYv00L7ghP6u6VayN2gzxDHHWf4mUwEYYDlLC8oEwsI5zj7SZcmH9RKTv8uAkwkmCSBG4Mx81g/mcyEDhG7GM23Sgejl3zVCXv01ac9TZPg8W8DsqKEVz kUma+8sMs6YUav1mDdx0CNGOMGuO3eXCUHdkJ+Sq/5K0pJn/0Epa4yG0ztvG7vMHhVe+8IUSFJZKL90z0KlY6ghe8oql7nLCSoFfD1RcwEx1RCK86uaCun4 LAi9W6gLkGnBPWhw+YF3j9OgwHh7G3z8Njr82j9sueoveow8oRp/RMfqGRmiMMBLoN7pFf3onvaInenKFbm81a96g1uiZf9yFEJQ=</latexit><latexit sha1_base64="TSszLTqsd6hxkwK3fBAyHCKf+u8=">AAAFwXic dZTfb9MwEMe9scIovzZ45CVQTeJpNBMSPE7shcci0W1SU1UXx+mi2Y6xnbLO87/B6/i3+G+w06xrnOGq1um+H9/Z54tTQQulh8O/W9uPdnqPn+w+7T97/uL lq73916eqrCQmY1zSUp6noAgtOBnrQlNyLiQBllJyll6eeP1sQaQqSv5DLwWZMpjzIi8waOdKrmcmYdIwuLJ2tjcYHg7rEXWNuDEGqBmj2f7ObZKVuGKEa0 xBqUk8FHpqQOoCU2L7SaWIAHwJczJxJgdG1NTUm7bRgfNkUV5K9+c6qr2bKwwwpZYsdSQDfaFCzTsf0iaVzr9MTcFFpQnHq0R5RSNdRr4CUVZIgjVdOgOwL NxeI3wBErB2der3DzbzCKCuULy0bTepKJELFnj9VgRch7C48gdUtt9POPmFS8aAZybJmbKTeGrMILbJO//7aDsEDZAaalMMWze51BhoEIDJRpIsVEb3i8zIh jFTYv00L7ghP6u6VayN2gzxDHHWf4mUwEYYDlLC8oEwsI5zj7SZcmH9RKTv8uAkwkmCSBG4Mx81g/mcyEDhG7GM23Sgejl3zVCXv01ac9TZPg8W8DsqKEVz kUma+8sMs6YUav1mDdx0CNGOMGuO3eXCUHdkJ+Sq/5K0pJn/0Epa4yG0ztvG7vMHhVe+8IUSFJZKL90z0KlY6ghe8oql7nLCSoFfD1RcwEx1RCK86uaCun4 LAi9W6gLkGnBPWhw+YF3j9OgwHh7G3z8Njr82j9sueoveow8oRp/RMfqGRmiMMBLoN7pFf3onvaInenKFbm81a96g1uiZf9yFEJQ=</latexit><latexit sha1_base64="TSszLTqsd6hxkwK3fBAyHCKf+u8=">AAAFwXic dZTfb9MwEMe9scIovzZ45CVQTeJpNBMSPE7shcci0W1SU1UXx+mi2Y6xnbLO87/B6/i3+G+w06xrnOGq1um+H9/Z54tTQQulh8O/W9uPdnqPn+w+7T97/uL lq73916eqrCQmY1zSUp6noAgtOBnrQlNyLiQBllJyll6eeP1sQaQqSv5DLwWZMpjzIi8waOdKrmcmYdIwuLJ2tjcYHg7rEXWNuDEGqBmj2f7ObZKVuGKEa0 xBqUk8FHpqQOoCU2L7SaWIAHwJczJxJgdG1NTUm7bRgfNkUV5K9+c6qr2bKwwwpZYsdSQDfaFCzTsf0iaVzr9MTcFFpQnHq0R5RSNdRr4CUVZIgjVdOgOwL NxeI3wBErB2der3DzbzCKCuULy0bTepKJELFnj9VgRch7C48gdUtt9POPmFS8aAZybJmbKTeGrMILbJO//7aDsEDZAaalMMWze51BhoEIDJRpIsVEb3i8zIh jFTYv00L7ghP6u6VayN2gzxDHHWf4mUwEYYDlLC8oEwsI5zj7SZcmH9RKTv8uAkwkmCSBG4Mx81g/mcyEDhG7GM23Sgejl3zVCXv01ac9TZPg8W8DsqKEVz kUma+8sMs6YUav1mDdx0CNGOMGuO3eXCUHdkJ+Sq/5K0pJn/0Epa4yG0ztvG7vMHhVe+8IUSFJZKL90z0KlY6ghe8oql7nLCSoFfD1RcwEx1RCK86uaCun4 LAi9W6gLkGnBPWhw+YF3j9OgwHh7G3z8Njr82j9sueoveow8oRp/RMfqGRmiMMBLoN7pFf3onvaInenKFbm81a96g1uiZf9yFEJQ=</latexit><latexit sha1_base64="TSszLTqsd6hxkwK3fBAyHCKf+u8=">AAAFwXic dZTfb9MwEMe9scIovzZ45CVQTeJpNBMSPE7shcci0W1SU1UXx+mi2Y6xnbLO87/B6/i3+G+w06xrnOGq1um+H9/Z54tTQQulh8O/W9uPdnqPn+w+7T97/uL lq73916eqrCQmY1zSUp6noAgtOBnrQlNyLiQBllJyll6eeP1sQaQqSv5DLwWZMpjzIi8waOdKrmcmYdIwuLJ2tjcYHg7rEXWNuDEGqBmj2f7ObZKVuGKEa0 xBqUk8FHpqQOoCU2L7SaWIAHwJczJxJgdG1NTUm7bRgfNkUV5K9+c6qr2bKwwwpZYsdSQDfaFCzTsf0iaVzr9MTcFFpQnHq0R5RSNdRr4CUVZIgjVdOgOwL NxeI3wBErB2der3DzbzCKCuULy0bTepKJELFnj9VgRch7C48gdUtt9POPmFS8aAZybJmbKTeGrMILbJO//7aDsEDZAaalMMWze51BhoEIDJRpIsVEb3i8zIh jFTYv00L7ghP6u6VayN2gzxDHHWf4mUwEYYDlLC8oEwsI5zj7SZcmH9RKTv8uAkwkmCSBG4Mx81g/mcyEDhG7GM23Sgejl3zVCXv01ac9TZPg8W8DsqKEVz kUma+8sMs6YUav1mDdx0CNGOMGuO3eXCUHdkJ+Sq/5K0pJn/0Epa4yG0ztvG7vMHhVe+8IUSFJZKL90z0KlY6ghe8oql7nLCSoFfD1RcwEx1RCK86uaCun4 LAi9W6gLkGnBPWhw+YF3j9OgwHh7G3z8Njr82j9sueoveow8oRp/RMfqGRmiMMBLoN7pFf3onvaInenKFbm81a96g1uiZf9yFEJQ=</latexit>
M2<latexit sha1_base64="Mc0IXJjU04h +LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQt SEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj8 8ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5 kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxlo PY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOp KDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3 +3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT /zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4i z/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hq pdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7I Rc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDk GUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMX qJDtE7NEJHCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h +LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQt SEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj8 8ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5 kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxlo PY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOp KDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3 +3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT /zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4i z/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hq pdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7I Rc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDk GUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMX qJDtE7NEJHCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h +LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQt SEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj8 8ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5 kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxlo PY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOp KDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3 +3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT /zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4i z/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hq pdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7I Rc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDk GUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMX qJDtE7NEJHCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h +LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQt SEPRDyoYw6/WmVm2vsb2BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj8 8ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5 kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxlo PY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq41gueOp KDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3 +3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT /zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4i z/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cwcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hq pdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7I Rc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDk GUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMX qJDtE7NEJHCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit>
ultracollinear : ⇢⌧ yc ⇠ O(1)
<latexit sha1_base64="/WKNud tqRJgCDk4LtKldT9BF/ig=">AAAF5nicdZRNb9MwGMe9scIobxscuQ SqSeOyNRMSiNMEF24Uib1ITVU9cZw2mu0Y2ymEzHwEbhNH+B5c4UPw bbDTrmuc4aqW9fx//j/2Y8exoJnS/f7ftfUbG52btzZvd+/cvXf/wdb 2w2OVFxKTI5zTXJ7GoAjNODnSmabkVEgCLKbkJD574/STGZEqy/kHX QoyYjDhWZph0DY03tqPmKwKqiVYL2cC0rz6GslpHlEalGMcRCpjQcR w9c7shs/GW73+Xr9uQXsQLgY9tGiD8fbGjyjJccEI15iCUsOwL/SoAq kzTInpRoUiAvAZTMjQDjkwokZVvTMT7NhIEqS5tH+ugzq6OqMCplTJ Yksy0FPlay54nTYsdPpyVGVcFJpwPE+UFjTQeeDKFCSZJFjT0g4Ay8 yuNcBTsFXStpjd7s5qHgHUVpPnphkmBSVyxryoW4qALz4sPrsNKtPt Rpx8wjljwJMqSpkyw3BUVb3QRE/cb9+0COohNdSkGDa2s6kxUM+AyYU kma8MriZVA+N7xsS4bpLxinws6vtkTNBkiGOIHf2XiAms2HCQEsprb GDpc4U0mXxmXEeku8XeToSVBJHCCyfONYHJhEhP4StelV20pzo5tZe hLn+TNNVBa/ncm8AvKa8Ui4OM4tQdpp81plDr50vgvEWIpsN4se0251 tdki3L+f2L4pwm7kPLaY370DJvE7vK7xVeucJnSlAolS7tM9CqWGwJ nvOCxfZw/EqBmw9UTGGsWiIRTrV9Ru1984xnc3UGcgnYJy30H7D24P hgL+zvhe+f9w5fLx63TfQYPUW7KEQv0CF6iwboCGF0gX6h3+hPZ9r51 rnofJ+j62uLOY9Qo3V+/gPZ5B6z</latexit><latexit sha1_base64="/WKNud tqRJgCDk4LtKldT9BF/ig=">AAAF5nicdZRNb9MwGMe9scIobxscuQ SqSeOyNRMSiNMEF24Uib1ITVU9cZw2mu0Y2ymEzHwEbhNH+B5c4UPw bbDTrmuc4aqW9fx//j/2Y8exoJnS/f7ftfUbG52btzZvd+/cvXf/wdb 2w2OVFxKTI5zTXJ7GoAjNODnSmabkVEgCLKbkJD574/STGZEqy/kHX QoyYjDhWZph0DY03tqPmKwKqiVYL2cC0rz6GslpHlEalGMcRCpjQcR w9c7shs/GW73+Xr9uQXsQLgY9tGiD8fbGjyjJccEI15iCUsOwL/SoAq kzTInpRoUiAvAZTMjQDjkwokZVvTMT7NhIEqS5tH+ugzq6OqMCplTJ Yksy0FPlay54nTYsdPpyVGVcFJpwPE+UFjTQeeDKFCSZJFjT0g4Ay8 yuNcBTsFXStpjd7s5qHgHUVpPnphkmBSVyxryoW4qALz4sPrsNKtPt Rpx8wjljwJMqSpkyw3BUVb3QRE/cb9+0COohNdSkGDa2s6kxUM+AyYU kma8MriZVA+N7xsS4bpLxinws6vtkTNBkiGOIHf2XiAms2HCQEsprb GDpc4U0mXxmXEeku8XeToSVBJHCCyfONYHJhEhP4StelV20pzo5tZe hLn+TNNVBa/ncm8AvKa8Ui4OM4tQdpp81plDr50vgvEWIpsN4se0251 tdki3L+f2L4pwm7kPLaY370DJvE7vK7xVeucJnSlAolS7tM9CqWGwJ nvOCxfZw/EqBmw9UTGGsWiIRTrV9Ru1984xnc3UGcgnYJy30H7D24P hgL+zvhe+f9w5fLx63TfQYPUW7KEQv0CF6iwboCGF0gX6h3+hPZ9r51 rnofJ+j62uLOY9Qo3V+/gPZ5B6z</latexit><latexit sha1_base64="/WKNud tqRJgCDk4LtKldT9BF/ig=">AAAF5nicdZRNb9MwGMe9scIobxscuQ SqSeOyNRMSiNMEF24Uib1ITVU9cZw2mu0Y2ymEzHwEbhNH+B5c4UPw bbDTrmuc4aqW9fx//j/2Y8exoJnS/f7ftfUbG52btzZvd+/cvXf/wdb 2w2OVFxKTI5zTXJ7GoAjNODnSmabkVEgCLKbkJD574/STGZEqy/kHX QoyYjDhWZph0DY03tqPmKwKqiVYL2cC0rz6GslpHlEalGMcRCpjQcR w9c7shs/GW73+Xr9uQXsQLgY9tGiD8fbGjyjJccEI15iCUsOwL/SoAq kzTInpRoUiAvAZTMjQDjkwokZVvTMT7NhIEqS5tH+ugzq6OqMCplTJ Yksy0FPlay54nTYsdPpyVGVcFJpwPE+UFjTQeeDKFCSZJFjT0g4Ay8 yuNcBTsFXStpjd7s5qHgHUVpPnphkmBSVyxryoW4qALz4sPrsNKtPt Rpx8wjljwJMqSpkyw3BUVb3QRE/cb9+0COohNdSkGDa2s6kxUM+AyYU kma8MriZVA+N7xsS4bpLxinws6vtkTNBkiGOIHf2XiAms2HCQEsprb GDpc4U0mXxmXEeku8XeToSVBJHCCyfONYHJhEhP4StelV20pzo5tZe hLn+TNNVBa/ncm8AvKa8Ui4OM4tQdpp81plDr50vgvEWIpsN4se0251 tdki3L+f2L4pwm7kPLaY370DJvE7vK7xVeucJnSlAolS7tM9CqWGwJ nvOCxfZw/EqBmw9UTGGsWiIRTrV9Ru1984xnc3UGcgnYJy30H7D24P hgL+zvhe+f9w5fLx63TfQYPUW7KEQv0CF6iwboCGF0gX6h3+hPZ9r51 rnofJ+j62uLOY9Qo3V+/gPZ5B6z</latexit><latexit sha1_base64="/WKNud tqRJgCDk4LtKldT9BF/ig=">AAAF5nicdZRNb9MwGMe9scIobxscuQ SqSeOyNRMSiNMEF24Uib1ITVU9cZw2mu0Y2ymEzHwEbhNH+B5c4UPw bbDTrmuc4aqW9fx//j/2Y8exoJnS/f7ftfUbG52btzZvd+/cvXf/wdb 2w2OVFxKTI5zTXJ7GoAjNODnSmabkVEgCLKbkJD574/STGZEqy/kHX QoyYjDhWZph0DY03tqPmKwKqiVYL2cC0rz6GslpHlEalGMcRCpjQcR w9c7shs/GW73+Xr9uQXsQLgY9tGiD8fbGjyjJccEI15iCUsOwL/SoAq kzTInpRoUiAvAZTMjQDjkwokZVvTMT7NhIEqS5tH+ugzq6OqMCplTJ Yksy0FPlay54nTYsdPpyVGVcFJpwPE+UFjTQeeDKFCSZJFjT0g4Ay8 yuNcBTsFXStpjd7s5qHgHUVpPnphkmBSVyxryoW4qALz4sPrsNKtPt Rpx8wjljwJMqSpkyw3BUVb3QRE/cb9+0COohNdSkGDa2s6kxUM+AyYU kma8MriZVA+N7xsS4bpLxinws6vtkTNBkiGOIHf2XiAms2HCQEsprb GDpc4U0mXxmXEeku8XeToSVBJHCCyfONYHJhEhP4StelV20pzo5tZe hLn+TNNVBa/ncm8AvKa8Ui4OM4tQdpp81plDr50vgvEWIpsN4se0251 tdki3L+f2L4pwm7kPLaY370DJvE7vK7xVeucJnSlAolS7tM9CqWGwJ nvOCxfZw/EqBmw9UTGGsWiIRTrV9Ru1984xnc3UGcgnYJy30H7D24P hgL+zvhe+f9w5fLx63TfQYPUW7KEQv0CF6iwboCGF0gX6h3+hPZ9r51 rnofJ+j62uLOY9Qo3V+/gPZ5B6z</latexit>
(c)
<latexit sha1_base64="zvgrAnTY4w7wITyVQgHII2heuoI=">AAAFwXicdZTfb9MwEMe9scIovzZ45CVQTRov o5mQ4HFiLzwWiW6Tmqq6OE4XzXaM7RSK53+D1/Fv8d9gp1nXOMNVrdN9P3c+nx2nghZKD4d/t7Yf7PQePtp93H/y9NnzF3v7L89UWUlMxrikpbxIQRFacDLWhabkQkgCLKXkPL069fr5gkhVlPybXgoyZTDnRV5g0M6VJAz0pWTmEL+ zs73B8GhYj6hrxI0xQM0YzfZ3bpKsxBUjXGMKSk3iodBTA1IXmBLbTypFBOArmJOJMzkwoqamLtpGB86TRXkp3Z/rqPZuRhhgSi1Z6khfpAo177xPm1Q6/zQ1BReVJhyvFsorGuky8h2IskISrOnSGYBl4WqN8CVIwNr1qd8/2FxHAH WN4qVtu0lFiVywwOtLEfArhMVPv0Fl+/2Ekx+4ZAx4ZpKcKTuJp8YMYpu88b/3tkPQAKmhNsWwNfUxYqBBAiYbSbJQGd0FmZENc6bE+mlecEO+V/VVsTZqM8QzxFn/JVICG2k4SAnLe9LAOs8d0mbKhfUTkf6WBzsRThJEisCd+awZzO dEBgrfyGVc0YHq5dxdhrr9bdKa4075PAjgt1TQiuYgkzT3hxmumlKo9es1cN0hRDvDrNl2lwtT3ZKdlKv7l6QlzfyHVtIaD6H1um3sbv2g8co3vlCCwlLppXsGOh1LHcFLXrHUHU7YKfDxQMUlzFRHJMKrbi6ou29B4sVKXYBcA+5Ji 8MHrGucHR/Fw6P464fByefmcdtFr9FbdIhi9BGdoC9ohMYII4F+oxv0p3faK3qiJ1fo9lYT8wq1Rs/8AwHUD9s=</latexit><latexit sha1_base64="zvgrAnTY4w7wITyVQgHII2heuoI=">AAAFwXicdZTfb9MwEMe9scIovzZ45CVQTRov o5mQ4HFiLzwWiW6Tmqq6OE4XzXaM7RSK53+D1/Fv8d9gp1nXOMNVrdN9P3c+nx2nghZKD4d/t7Yf7PQePtp93H/y9NnzF3v7L89UWUlMxrikpbxIQRFacDLWhabkQkgCLKXkPL069fr5gkhVlPybXgoyZTDnRV5g0M6VJAz0pWTmEL+ zs73B8GhYj6hrxI0xQM0YzfZ3bpKsxBUjXGMKSk3iodBTA1IXmBLbTypFBOArmJOJMzkwoqamLtpGB86TRXkp3Z/rqPZuRhhgSi1Z6khfpAo177xPm1Q6/zQ1BReVJhyvFsorGuky8h2IskISrOnSGYBl4WqN8CVIwNr1qd8/2FxHAH WN4qVtu0lFiVywwOtLEfArhMVPv0Fl+/2Ekx+4ZAx4ZpKcKTuJp8YMYpu88b/3tkPQAKmhNsWwNfUxYqBBAiYbSbJQGd0FmZENc6bE+mlecEO+V/VVsTZqM8QzxFn/JVICG2k4SAnLe9LAOs8d0mbKhfUTkf6WBzsRThJEisCd+awZzO dEBgrfyGVc0YHq5dxdhrr9bdKa4075PAjgt1TQiuYgkzT3hxmumlKo9es1cN0hRDvDrNl2lwtT3ZKdlKv7l6QlzfyHVtIaD6H1um3sbv2g8co3vlCCwlLppXsGOh1LHcFLXrHUHU7YKfDxQMUlzFRHJMKrbi6ou29B4sVKXYBcA+5Ji 8MHrGucHR/Fw6P464fByefmcdtFr9FbdIhi9BGdoC9ohMYII4F+oxv0p3faK3qiJ1fo9lYT8wq1Rs/8AwHUD9s=</latexit><latexit sha1_base64="zvgrAnTY4w7wITyVQgHII2heuoI=">AAAFwXicdZTfb9MwEMe9scIovzZ45CVQTRov o5mQ4HFiLzwWiW6Tmqq6OE4XzXaM7RSK53+D1/Fv8d9gp1nXOMNVrdN9P3c+nx2nghZKD4d/t7Yf7PQePtp93H/y9NnzF3v7L89UWUlMxrikpbxIQRFacDLWhabkQkgCLKXkPL069fr5gkhVlPybXgoyZTDnRV5g0M6VJAz0pWTmEL+ zs73B8GhYj6hrxI0xQM0YzfZ3bpKsxBUjXGMKSk3iodBTA1IXmBLbTypFBOArmJOJMzkwoqamLtpGB86TRXkp3Z/rqPZuRhhgSi1Z6khfpAo177xPm1Q6/zQ1BReVJhyvFsorGuky8h2IskISrOnSGYBl4WqN8CVIwNr1qd8/2FxHAH WN4qVtu0lFiVywwOtLEfArhMVPv0Fl+/2Ekx+4ZAx4ZpKcKTuJp8YMYpu88b/3tkPQAKmhNsWwNfUxYqBBAiYbSbJQGd0FmZENc6bE+mlecEO+V/VVsTZqM8QzxFn/JVICG2k4SAnLe9LAOs8d0mbKhfUTkf6WBzsRThJEisCd+awZzO dEBgrfyGVc0YHq5dxdhrr9bdKa4075PAjgt1TQiuYgkzT3hxmumlKo9es1cN0hRDvDrNl2lwtT3ZKdlKv7l6QlzfyHVtIaD6H1um3sbv2g8co3vlCCwlLppXsGOh1LHcFLXrHUHU7YKfDxQMUlzFRHJMKrbi6ou29B4sVKXYBcA+5Ji 8MHrGucHR/Fw6P464fByefmcdtFr9FbdIhi9BGdoC9ohMYII4F+oxv0p3faK3qiJ1fo9lYT8wq1Rs/8AwHUD9s=</latexit><latexit sha1_base64="zvgrAnTY4w7wITyVQgHII2heuoI=">AAAFwXicdZTfb9MwEMe9scIovzZ45CVQTRov o5mQ4HFiLzwWiW6Tmqq6OE4XzXaM7RSK53+D1/Fv8d9gp1nXOMNVrdN9P3c+nx2nghZKD4d/t7Yf7PQePtp93H/y9NnzF3v7L89UWUlMxrikpbxIQRFacDLWhabkQkgCLKXkPL069fr5gkhVlPybXgoyZTDnRV5g0M6VJAz0pWTmEL+ zs73B8GhYj6hrxI0xQM0YzfZ3bpKsxBUjXGMKSk3iodBTA1IXmBLbTypFBOArmJOJMzkwoqamLtpGB86TRXkp3Z/rqPZuRhhgSi1Z6khfpAo177xPm1Q6/zQ1BReVJhyvFsorGuky8h2IskISrOnSGYBl4WqN8CVIwNr1qd8/2FxHAH WN4qVtu0lFiVywwOtLEfArhMVPv0Fl+/2Ekx+4ZAx4ZpKcKTuJp8YMYpu88b/3tkPQAKmhNsWwNfUxYqBBAiYbSbJQGd0FmZENc6bE+mlecEO+V/VVsTZqM8QzxFn/JVICG2k4SAnLe9LAOs8d0mbKhfUTkf6WBzsRThJEisCd+awZzO dEBgrfyGVc0YHq5dxdhrr9bdKa4075PAjgt1TQiuYgkzT3hxmumlKo9es1cN0hRDvDrNl2lwtT3ZKdlKv7l6QlzfyHVtIaD6H1um3sbv2g8co3vlCCwlLppXsGOh1LHcFLXrHUHU7YKfDxQMUlzFRHJMKrbi6ou29B4sVKXYBcA+5Ji 8MHrGucHR/Fw6P464fByefmcdtFr9FbdIhi9BGdoC9ohMYII4F+oxv0p3faK3qiJ1fo9lYT8wq1Rs/8AwHUD9s=</latexit>
Figure 2. Phase spaces (shaded regions) for the submodes satisfying the mMDT criterion in Eq.(3.1)
at one loop. Diagrams (b) and (c) denote the phase spaces for the csoft and ucsoft modes with the
momentum k. The nonzero groomed mass comes from the shaded regions, and δ(M2J) comes from the
remaining regions according to grooming.
4.1 ρ yc ∼ O(1)
In this case, the ultracollinear mode entirely describes the groomed nonzero jet mass, but this
mode is insensitive to the jet boundary. In Fig. 2-(a), the phase space for the ultracollinear
mode is shown. The shaded region satisfies the mMDT criterion in Eq. (3.1) and contributes
to the nonzero groomed mass. Since the invariant mass squared for the ultracollinear mode
is small, the upper bound for M2 extends to infinity. Outside the shaded region, δ(M2J ) is
returned since the remaining single energetic parton is included in the “grooming” procedure.
As a result, at NLO in αs, the groomed jet functions from the ultracollinear mode are expressed
as (k = q, g)
J˜k(M
2
J , µ) =
∑
l=q,q¯,g
[∫ zmax
zmin
dzz G˜l/k(z,M2J )
+δ(M2J )
(∫ zmin
0
dz +
∫ 1
zmax
dz
)∫ ∞
0
dM2z G˜l/k(z,M2)
]
= δ(M2J ) +
αsCk
2pi
{
−δ(M2J )
[
gk(yc) ln
µ2
Λ2
+ hk(yc)
]
+ gk(yc)
[ 1
M2J
]
Λ2
}
. (4.5)
Here G˜l/k(z,M2) is the generic FJFs introduced in Ref. [29, 30]. Unlike Gl/Jk that was intro-
duced in Eq. (2.10), G˜l/k is not divided by Jk. The functions gk and hk in Eq. (4.5) are given
in Eqs. (A.4) and (A.6) respectively.
Even though the collinear mode does not contribute to the groomed nonzero jet mass, it
can radiate in the regions [0, zmin) and (zmax, 1] inside a jet. Employing the zero-bin subtraction
[56] to avoid double counting on the phase space overlapped with the ultracollinear mode, the
one-loop result for the collinear mode is IR finite and the divergence is of the UV origin. The
renormalized collinear contribution to NLO in αs is given by
C˜k(Q2, µ) = 1 + αsCk
2pi
[
gk(yc) ln
µ2
M2c
+ hk(yc)− Ik(yc)
]
, (4.6)
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where we use Q ≡ pJTR for simplicity, and M2c = Q2yc/(1 + yc)2. In Appendix C we show the
details of the calculation.
As a result, the groomed jet mass distribution functions Φk (k = q, g) in the limit ρ 
yc ∼ O(1) are factorized as
Φk(yc ∼ O(1),M2J  Q2) = C˜k(Q2, µ)J˜k(M2J , µ). (4.7)
Combining Eqs. (4.5) and (4.6), it can be verified that the NLO result in Eq. (4.7) reproduces
the full result in Eq. (3.7) in the limit M2J  Q2. Note that each factorized function in Eq. (4.7)
contains a single logarithm at one loop. It implies that the dominant logarithmic corrections
appear as
∑
n=0 cn(αsL)
n in the limit ρ yc ∼ O(1), which is a typical feature of mMDT [2].
4.2 The midrange region: ρ ∼ yc  1
In this region, collinear modes cannot be emitted inside the jet since the jet mass is too
small, and they cannot satisfy the mMDT criterion either. Therefore the collinear contribution
genuinely becomes the normalization factor Ck = J −1k like the contribution to the plain jet
mass distribution in the limit ρ 1, as shown in Eq. (2.14). The NLO results for Jk(Q2) are
given in Eqs. (2.7) and (2.8).
Then, as explained previously, the nonzero groomed jet mass can be described by the
ultracollinear mode and the csoft mode. Since the ultracollinear mode cannot recognize the
(ungroomed) jet boundary and the mMDT criterion, the contribution yields the standard jet
functions, which are given to NLO as
Jq(M
2, µ) = δ(M2)+
αsCF
2pi
{
δ(M2)
[3
2
ln
µ2
Λ2
+ ln2
µ2
Λ2
+
7
2
− pi
2
2
]
−
[(
2 ln
µ2
M2
+
3
2
) 1
M2
]
Λ2
}
,
Jg(M
2, µ) = δ(M2)+
αs
2pi
{
δ(M2)
[
CA
(
ln
µ2
Λ2
+
67
18
− pi
2
2
)
− 10
9
TRnf +
β0
2
ln
µ2
Λ2
]
−
[(β0
2
+ 2CA ln
µ2
M2
) 1
M2
]
Λ2
}
. (4.8)
The decoupled csoft gluons from the collinear fields form the csoft Wilson lines Yn(n),cs.
Similar to Eq. (2.17), the contribution to the groomed jet mass (with an energetic quark) is
expressed as
SIk=q(M
2
cs = p
+
J `−, µ) =
1
p+JNc
Tr 〈0|Y †n,csYn,csδ(`− + Θcsi∂−)Y †n,csYn,cs|0〉. (4.9)
And SIg is expressed in terms of the Wilson lines in the adjoint representation. Here Θcs
represents the mMDT criterion in Eq. (3.1), which the csoft mode should pass. The phase
space for the csoft mode to pass the criterion is illustrated as a shaded region in Fig. 2-(b). In
the shaded region, the csoft function SIk contributes to the nonzero groomed jet mass, while the
contributions from the remaining region and the virtual correction yield the part proportional
to δ(M2).
The contribution from the shaded region in Fig. 2-(b) involves the IR divergence as M
goes to zero. This IR divergence is proportional to δ(M2) in the Λ-distribution defined in
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Eq. (3.6). Then the IR divergence in the real emission, appearing in the part with δ(M2), is
cancelled by the virtual contribution. And there remains only the UV divergence. As a result
we find that the renormalized csoft functions to NLO are given as
SIk(M
2, µ) = δ(M2) +
αsCk
2pi
{
−δ(M2)
(1
2
ln
µ2
y2cQ
2
− pi
2
12
)
+
2
M2
Θ(M2 −M2c ) ln
µ2Q2
(M2)2
+
[ 2
M2
Θ(M2c −M2) ln
µ2
ycM2
]
M2c
}
, (4.10)
where M2c = ycQ
2, and we set the upper bound to Λ2 = M2c in the Λ-distribution. The results
with mMDT, along with those with soft drop in Appendix D.1 are new.
Finally the groomed jet mass distribution functions Φk in the limit ρ ∼ yc  1 are
factorized as
Φk(yc  1,M2J ∼ ycQ2) = Ck(Q2, µ)
∫ M2J
0
dM2Jk(M
2, µ)SIk(M
2
J −M2, µ). (4.11)
The factorization structure is the same as the factorized expression for the plain jet mass in the
limit ρ 1. [See Eq. (2.14).] What is different from the plain jet mass distribution is that the
csoft function SIk in Eq. (4.11) is affected by the mMDT criterion. Note that both groomed and
ungroomed jet mass distributions are scale invariant. Therefore the renormalization behavior
of SIk is the same in both cases, too. It will be explained in detail in Sec. 5.
Expanding all the terms to NLO in the factorized parts, the groomed jet mass distribution
functions Φ
(1)
k (yc,M
2) at fixed order in αs are given as
Φ(1)q (yc,M
2
J ) =
αsCF
2pi
{
δ(M2J )
(
− ln2 yc − 3
2
ln yc − 3 + pi
2
3
)
(4.12)
+
1
M2J
(
2 ln
Q2
M2J
− 3
2
)
Θ(M2J −M2c )−
(
2 ln yc +
3
2
)[Θ(M2c −M2J )
M2
]
M2c
}
,
Φ(1)g (yc,M
2
J ) =
αs
2pi
{
δ(M2J )
[
CA
(
− ln2 yc − 67
18
+
pi2
3
)
− β0
2
ln yc + TRnf
13
9
]
(4.13)
+
2CA
M2J
ln
µ2Q2
(M2J )
2
Θ(M2J −M2c )−
(β0
2
+ 2CA ln y
)[ 1
M2J
]
M2c
Θ(M2c −M2J )
}
.
These are consistent with the results in Eq. (3.7) in the limit yc  O(1).
4.3 The peak region: ρ yc  1
In the peak region, there are distinct contributions from the collinear modes with p2c ∼ (pJTR)2,
the csoft modes with p2cs ∼ y2c (pJTR)2, the ultracollinear modes with p2uc ∼ M2J and finally the
ucsoft modes with p2ucs ∼ ycM2J to express the groomed jet mass distribution Φk. The collinear
mode cannot radiate inside a jet since ρ  1, and the csoft mode cannot satisfy ρ  yc.
Therefore none of these modes contributes to nonzero jet mass, hence these modes contribute
only to the normalization. On the other hand, the ultracollinear and the ucsoft modes can
contribute to the nonzero groomed jet mass.
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The factorized groomed jet mass distribution functions are written as (k = q, g)
Φk(yc  1,M2J  ycQ2) = Ck(Q2, µ)SIIk (y2cQ2, µ)
∫ M2J
0
dM2Jk(M
2, µ)Uk(M
2
J −M2, µ).
(4.14)
The collinear functions Ck are the inverse of the integrated jet functions J −1k (Q2, µ) as in
Eqs. (2.14) and (4.11). However, SIIk are the csoft contributions in this region, different from
SIk in Eq. (4.11). Jk are the standard jet functions for the ultracollinear mode, that also appear
in Eqs. (2.14) and (4.11). Finally Uk are the ucsoft contributions to the jet mass distributions.
The detailed calculation of SIIk is shown in Appendix C. After the zero-bin subtraction,
the NLO results are free of IR divergence and the renormalized results are given as
SIIk (y2cQ2, µ) = 1 +
αsCk
2pi
(1
2
ln2
µ2
y2cQ
2
− pi
2
12
)
. (4.15)
The ucsoft functions Uk in Eq. (4.14) can be defined in a similar way to S
I
k in Eq. (4.9),
except that the Wilson lines are replaced by those with the ucsoft gauge fields and the condi-
tional function Θcs is replaced by Θucs due to the different scaling of the ucsoft mode. As a
result, the quark ucsoft function is defined as
Uq(M
2 = p+J `−, µ) =
1
p+JNc
Tr 〈0|Y †n,ucsYn,ucsδ(`− + Θucsi∂−)Y †n,ucsYn,ucs|0〉. (4.16)
Here Θucs = Θ(−i∂+ − ycp+J ), hence the ucsoft contribution to the nonzero mass comes from
the shaded region in Fig. 2-(c). The ucsoft mode scales as Eq. (4.4) and cannot recognize the
jet boundary. The gluon ucsoft function Ug can be similarly defined in terms of the Wilson
lines in the adjoint representation.
Similar to computing SIk , we can calculate the NLO contributions to Uk employing the
Λ-distribution. Then the IR divergences are cancelled by the virtual contributions, and the
renormalized results to NLO are given as
Uk(M
2, µ) = δ(M2)
[
1− αsCk
pi
(1
2
ln2
µ2
ycΛ2
− pi
2
12
)]
+
αsCk
pi
[ 1
M2
ln
µ2
ycM2
]
Λ2
. (4.17)
By expanding the factorized functions in Eq. (4.14) to order αs, we verify that the NLO
results are consistent with the results in Eq. (3.7) [or Eqs. (4.12) and (4.13)] after taking the
limit ρ  yc  1. The ucsoft function is also computed using soft drop, and it is given in
Appendix D.2.
5 Resummed Groomed Jet Mass Distributions
We perform the resummation of the large logarithms arising from small yc and ρ in the groomed
jet mass distributions. Though we will fix yc = 0.1 in numerical analysis, here we regard yc
as a very small number in order to investigate the resummed effects of the large logarithms
in yc. We have two distinctive small jet-mass regions: the midrange region (ρ ∼ yc  1) and
the peak region (ρ  yc  1). These two regions have different factorized structures, hence
different resummation effects.
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The resummation of large logarithms can be achieved by solving the RG equation of the
factorized parts. We first factorize the groomed jet mass distributions, and find the appropriate
scales at which the logarithms of the factorized functions are minimized. Then each factorized
function is evolved by the RG equation to a common factorization scale µf . Combining all the
RG evolutions of each factorized yields the resummation of the large logarithms.
The groomed jet mass distribution functions in the midrange and peak regions involve
double logarithms at NLO. So the resummed result at leading logarithmic (LL) accuracy,∑
n=0 ak(αsL
2)n ∼ exp(Lf0(αsL)), is estimated to be larger than the O(1) contributions.
Here L represents the large logarithms in small ρ or yc. Hence, in order to include O(1)
contributions we resum the large logarithms up to NLL accuracy, which is schematically given
as
∑
n=0 bk(αsL)
n ∼ exp(f1(αsL)) ∼ O(1).
From now on, we use the dimensionless jet mass variable ρ = M2(J)/Q
2 to consider the
dimensionless functions with ρ for the jet mass distribution and its factorized functions.3 The
relation between the dimensionless functions f¯(ρ) and the dimensionful functions f(M2) is
given by f¯(ρ) = Q2f(M2), where f = {Φk, J˜k, Jk, SIk , Uk}. With the dimensionless functions,
we can express the Λ-distributions in the dimensionful functions in terms of the standard plus
distributions and δ(ρ). The standard plus distribution is defined as∫ x
0
dρ[g(ρ)]+h(ρ) =
∫ x
0
dρg(ρ)h(ρ)− h(0)
∫ 1
0
dρg(ρ), (5.1)
where h(ρ) is an arbitrary function that is smooth at ρ = 0. The details of the conversion are
shown in Appendix B.
5.1 Midrange region: ρ ∼ yc  1
The factorization theorem in the midrange region is given in Eq. (4.11), and the factorized
functions satisfy the following RG equations:
d
d lnµ
Ck = γkC Ck,
d
d lnµ
f¯k(ρ) =
∫ ρ
0
dρ′γkf (ρ
′)f¯k(ρ− ρ′), (5.2)
where k = q, g, and f¯k = J¯k, S¯
I
k . The anomalous dimensions in general can be expressed as
γkC = AcΓ
k
C ln
µ2
Q2
+ γˆkc , (5.3)
γkJ(ρ) = δ(M
2)
(
AjΓ
k
C ln
µ2
Q2
+ γˆkj
)
− κjAjΓkC
[1
ρ
]
+
, (5.4)
γkSI (ρ) = δ(ρ)
(
AsΓ
k
C ln
µ2
Q2
+ γˆks1
)
− κsAsΓkC
[1
ρ
]
+
, (5.5)
where ΓkC =
∑
n=0 Γ
k
n(αs/4pi)
n+1 are the cusp anomalous dimensions [57, 58], and the first two
coefficients are given by
Γk0 = 4Ck, Γ
k
1 = 4Ck
[(67
9
− pi
2
3
)
CA − 10
9
nf
]
, (5.6)
3Throughout this paper the dimensionless jet mass variable ρ indicates M2J/Q
2 in most cases. However,
it is sometimes used for expressing a partial jet mass squared over Q2 (i.e., M2/Q2) when we consider the
dimensionless factorized functions such as J¯k(ρ) and U¯k(ρ).
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with Cq = CF and Cg = CA. From the NLO results in Eqs. (2.7), (2.8), (4.8), and (4.10),
we extract the set of the coefficients {Ac, Aj , As, κj , κs} = {−1, 2,−1, 1, 2}. And the noncusp
anomalous dimensions at NLL accuracy are given by γˆqc = −3αsCF /(2pi), γˆgc = −αsβ0/(2pi),
γˆkj = −γˆkc , and γˆks1 = 0.
We find that the factorization structure for the groomed jet mass distribution is the same
as that for the plain jet mass distribution in the limit ρ  1. (See Ref. [19].) In this limit
the grooming effects (represented by yc) appear only in the csoft function. However, the RG
behavior for the csoft function should be the same as the plain jet mass since both jet mass
distributions are scale invariant and the collinear function Ck and the jet function Jk are the
same in both cases.
The RG equations can be solved by following the conventional methods using the Laplace
transform [59, 60], and the resummed result at NLL accuracy is written as
Φ¯k(ρ ∼ yc) = Φk(M2J ) ·Q2 = exp[MIk(µc, µuc, µcs)] Ck(Q,µc) (5.7)
×Jˆk
[
ln
µ2uc
Q2
− ∂η1
]
SˆIk
[
ln
µ2cs
Q2
− 2∂η1
]e−γEη1
Γ(η1)
ρ−1+η1 ,
where Φ¯k(ρ) is the dimensionless jet mass distribution with ρ = M
2
J/Q
2, and Q = pJTR. And
Jˆk and Sˆk in Eq. (5.7) are the Laplace transforms of the dimensionless functions J¯k(ρ) and
S¯Ik(ρ), which are given to NLO as
Jˆq[L] = 1 +
αsCF
2pi
(7
2
− pi
2
3
+
3
2
L+ L2
)
, (5.8)
Jˆg[L] = 1 +
αsCA
2pi
(67
18
− 5nf
9CA
− pi
2
3
+
β0
2CA
L+ L2
)
, (5.9)
SˆIk [L] = 1 +
αsCk
2pi
(
−1
2
L2 − pi
2
4
)
. (5.10)
In Eq. (5.7), η1 = 2a[Γ
k
C ](µuc, µcs) and it is positive for µuc > µcs. Since Φk is scale invariant,
the factorization scale µf does not appear in Eq. (5.7).
The exponent MIk at NLL accuracy is written as
MIk(µc, µuc, µcs) = −2SkΓ(µuc, µc)− 2SkΓ(µuc, µcs) (5.11)
+ ln
µ2uc
Q2
(
a[ΓkC ](µc, µuc) + a[Γ
k
C ](µcs, µuc)
)
+ a[γˆkj ](µc, µuc).
Here SkΓ and a[f ] are defined as
SkΓ(µ1, µ2) =
∫ α1
α2
dαs
b(αs)
ΓkC(αs)
∫ αs
α1
dα′s
b(α′s)
, a[f ](µ1, µ2) =
∫ α1
α2
dαs
b(αs)
f(αs), (5.12)
where α1,2 ≡ αs(µ1,2) and b(αs) = dαs/d lnµ is the QCD beta function.
5.2 Peak region: ρ yc  1
The groomed jet mass distribution is factorized in terms of the collinear (Ck), csoft (SIIk ),
ultracollinear (Jk), and ucsoft (Uk) functions, as shown in Eq. (4.14). Here the collinear
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functions Ck and the jet functions Jk for the ultracollinear modes are the same as those in the
midrange region. The RG equations for SIIk and the dimensionless function U¯k are given by
d
d lnµ
SIIk = γkSIISIIk ,
d
d lnµ
U¯k(ρ) =
∫ ρ
0
dρ′γkU (ρ
′)U¯k(ρ− ρ′). (5.13)
And the anomalous dimensions are written as
γkSII = As2Γ
k
C ln
µ2
y2cQ
2
+ γˆks2, (5.14)
γkU (ρ) = δ(ρ)
(
AuΓ
k
C ln
µ2
ycQ2
+ γˆku
)
− κuAuΓkC
[1
ρ
]
+
. (5.15)
The coefficients {As2, Au, κu} = {1,−2, 1} are obtained from the NLO results in Eqs. (4.15)
and (4.17), and the noncusp anomalous dimensions at NLL accuracy are γˆks2 = γˆ
k
u = 0. The
scale invariance of Φk(ρ yc) is guaranteed by the following relations:
Ac +As2 +Aj +Au = 0, κjAj + κuAu = 0, γˆ
k
c + γˆ
k
j = 0. (5.16)
By evolving the factorized functions from their own scales to the factorization scale µf
from Eq. (5.13), the resummed results are written as
Φ¯k(ρ yc) = exp[MIIk (µc, µcs, µuc, µucs)] Ck(Q,µc)SIIk (ycQ,µcs) (5.17)
×Jˆk
[
ln
µ2uc
Q2
− ∂η2
]
Uˆk
[
ln
µ2ucs
Q2
− ∂η2
]e−γEη2
Γ(η2)
ρ−1+η2 ,
where η2 = 2a[Γ
k
C ](µuc, µucs). And Uˆk are the Laplace transforms of the dimensionless ucsoft
functions U¯k(ρ), which are given to NLO as
Uˆk[L] = 1− αsCk
2pi
L2. (5.18)
The exponent MIIk is written as
MIIk (µc, µcs, µuc, µucs) = 2SkΓ(µc, µcs)− 4SkΓ(µuc, µucs) + ln
µ2c
Q2
a[ΓkC ](µc, µcs) (5.19)
− 2 ln µ
2
uc
Q2
a[ΓkC ](µuc, µucs) + 2 ln yca[Γ
k
C ](µcs, µucs) + a[γˆ
k
j ](µc, µuc).
5.3 Nonglobal Logarithms
NGLs [54, 55] arise when gluons are radiated across the jet boundary, and contribute to a jet ob-
servable with the phase space constrained by the boundary. Although the leading NGLs begin
to appear at two loop, the perturbative series is schematically given as
∑
n=2 b
n
NG(αsLNGL)
n,
and hence contributes at NLL accuracy. Especially when there is a large energy difference
between the gluons across the boundary, large NGLs appear. In the effective theory approach,
when there are multiple modes to resolve the jet boundary and there is a large energy hierarchy
among them, there appear large NGLs.
The groomed jet mass in the midrange region (ρ ∼ yc  1) is a NGL observable since the
collinear and csoft modes can resolve the jet boundary and the csoft mode can contribute to
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the groomed jet mass. In the peak region (ρ yc  1), although the NGLs can be generated
by the collinear and csoft modes, they do not affect the jet mass directly since the collinear
and csoft modes contribute only to the normalization of the jet mass distribution.
For the plain jet mass distributions, the contribution of the NGLs is sizable around the
peak region, but decreases rapidly away from the peak. However, we expect that the groomed
jet mass is not affected substantially by the NGLs. The groomed jet mass in the peak region
is not a NGL observable at all, and the NGL contribution in the midrange region is quite
suppressed since this region is far away from the peak.
It is remarkable that the resummed result of the leading NGLs for a narrow isolated jet
would take the same form as that for the hemisphere jet mass since the generating mechanism
of the NGLs is similar [5, 8]. Therefore in order to estimate the NGL contribution to the
groomed jet mass, we might be able to use the resummed formula of the leading NGLs in the
large Nc limit for the hemisphere jet mass [54], which is written as
∆k=q,gNG (µ1, µ2) = exp
(
−CACk pi
2
3
(1 + (at)2
1 + (bt)c
)
t2
)
, (5.20)
where
t =
1
β0
ln
αs(µ2)
αs(µ1)
∼ − 1
β0
ln
(
1− β0
4pi
αs(µ1) ln
µ21
µ22
)
. (5.21)
Here the fit parameters from the Monte Carlo simulation are given by a = 0.85CA, b = 0.86CA,
and c = 1.33 [54]. In our analysis we set (µ1, µ2) = (µc, µ
I
cs) for the midrange region and
(µ1, µ2) = (µc, µ
II
cs ) for the peak region. For the NLL-resummed results (with the fixed NLO),
the contributions of the NGLs in Eq. (5.20) is multiplicative in Eq. (5.7) or Eq. (5.17).
6 Numerical Results
We present the numerical analysis on the groomed jet mass distributions Φ¯k(ρ). In fact,
they are not physical observables, and for phenomenology, the ratio of the scattering cross
sections in Eqs. (2.3) and (2.1) with respect to the jet mass should be considered by summing
over all the contributions combined with the parton distribution functions. For example, the
phenomenological analysis in the peak region has been performed in Ref. [27]. However, our
main focus is the theoretical issue on how to implement the grooming method to the jet mass
distribution, and how the resummation on ρ and yc affects the jet mass distribution over a wide
range of ρ. Therefore the purpose of the numerical analysis is to offer theoretical understanding
on how the groomed jet mass distributions for the quark- and gluon-initiated jets behave with
grooming and how the results in different regions are affected by the resummation. A complete
phenomenological analysis is beyond the scope of this paper, and will be performed in future
work.
For numerical analysis, we set yc = 0.1. First of all, let us consider the behavior of the
groomed jet mass distribution in the new region, which we call the midrange region (ρ ∼ yc 
1) in Fig. 3. Here black thick lines show the results of resumming large logarithms of small ρ
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⇢
<latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoE EpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJ oxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL 7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/ s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegN OkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoE EpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJ oxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL 7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/ s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegN OkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoE EpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJ oxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL 7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/ s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegN OkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoE EpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJ oxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL 7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/ s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegN OkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit>
⇢
<latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiS pxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWo upnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/ 2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJ JkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5o K7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiS pxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWo upnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/ 2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJ JkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5o K7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiS pxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWo upnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/ 2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJ JkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5o K7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiS pxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWo upnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/ 2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJ JkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5o K7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit>
pJT = 1 TeV, R = 0.4<latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=" >AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/ PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOep RkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMyc CaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLU tWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSS Zr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17 qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMC QozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHa B3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=" >AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/ PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOep RkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMyc CaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLU tWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSS Zr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17 qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMC QozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHa B3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=" >AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/ PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOep RkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMyc CaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLU tWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSS Zr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17 qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMC QozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHa B3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=" >AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/ PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOep RkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMyc CaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLU tWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSS Zr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17 qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMC QozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHa B3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit>
pJT = 0.5 TeV, R = 0.4<latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AA AF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wIm iodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88 W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm 7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjy v24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQx xDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1 oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKb b95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw== </latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AA AF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wIm iodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88 W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm 7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjy v24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQx xDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1 oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKb b95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw== </latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AA AF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wIm iodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88 W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm 7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjy v24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQx xDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1 oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKb b95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw== </latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AA AF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wIm iodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88 W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm 7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjy v24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQx xDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1 oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKb b95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw== </latexit> p
J
T = 0.5 TeV, R = 0.4<latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykb olnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynD PCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHl FCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ 7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykb olnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynD PCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHl FCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ 7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykb olnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynD PCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHl FCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ 7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykb olnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynD PCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHl FCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ 7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit>
pJT = 1 TeV, R = 0.4<latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=">AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQoui FNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSN cGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wz hjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDUL UI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==< /latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=">AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQoui FNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSN cGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wz hjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDUL UI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==< /latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=">AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQoui FNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSN cGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wz hjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDUL UI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==< /latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8=">AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQoui FNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PGOPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkGbV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSN cGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHBhRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wz hjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFpV948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV+eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDUL UI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWhULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==< /latexit>
(a)
(c) (d)
(b)
 ¯q(⇢)
<latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit><latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit><latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit><latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit>
 ¯g(⇢)
<latexit sha1_base64="wlNLMyIxNyxYg92XWPCjDznjVNI=">AAAFynicdZTPb9MwFMe9scIovzp25BKoJ o3LaCYkOE5w4cChSOyH1FTVi+O00WzH2E4hZL7xf+wKfxL/DXaadY0zXNV6et+P37OfXxwLmik9Gv3d2r6307v/YPdh/9HjJ0+fDfaen6m8kJic4pzm8iIGRWjGyanONCUXQhJgMSXn8eVHp58viVRZzr/qUpApgznP0gyDtq7 ZYD+KQVbReJGZ2Tw4jOQifz0bDEdHo3oEXSNsjCFqxni2t3MdJTkuGOEaU1BqEo6EnlYgdYYpMf2oUEQAvoQ5mViTAyNqWtW7N8GB9SRBmkv75zqovZsrKmBKlSy2JAO9UL7mnHdpk0Kn76dVxkWhCcerRGlBA50HrhRBkkmC NS2tAVhmdq8BXoAErG3B+v2DzTwCqK0Yz03bTQpK5JJ5XrcVAT99WPxwB1Sm3484+Y5zxoAnVZQyZSbhtKqGoYleut8b0yGoh9RQm2LY2MmmxkC9AEw2kmS+Mr5dVI2NHzMmxk3zjFfkW1H3jDFBmyGOIdb6LxET2AjDQUoo7w gD6zi3SJvJl8ZNRLp2904irCSIFJ47cVETmM+J9BS+Eauym/ZUJ6e2Geryt0lTHXe2z70F/IbyStFcZBSn7jL9rDGFWr9aA1cdQrQjzJpjdzk/1A3ZCbnqvyjOaeI+tJzWuA+t87ax2/xe4ZUrfKYEhVLp0j4DnYrFluA5L1h sL8evFLj1QMUCZqojEuFUO2fU9psXeLlSlyDXgH3SQv8B6xpnx0fh6Cj88nZ48qF53HbRC/QKHaIQvUMn6BMao1OEUYmu0W/0p/e5J3tlr1qh21vNmn3UGr1f/wCIURKj</latexit><latexit sha1_base64="wlNLMyIxNyxYg92XWPCjDznjVNI=">AAAFynicdZTPb9MwFMe9scIovzp25BKoJ o3LaCYkOE5w4cChSOyH1FTVi+O00WzH2E4hZL7xf+wKfxL/DXaadY0zXNV6et+P37OfXxwLmik9Gv3d2r6307v/YPdh/9HjJ0+fDfaen6m8kJic4pzm8iIGRWjGyanONCUXQhJgMSXn8eVHp58viVRZzr/qUpApgznP0gyDtq7 ZYD+KQVbReJGZ2Tw4jOQifz0bDEdHo3oEXSNsjCFqxni2t3MdJTkuGOEaU1BqEo6EnlYgdYYpMf2oUEQAvoQ5mViTAyNqWtW7N8GB9SRBmkv75zqovZsrKmBKlSy2JAO9UL7mnHdpk0Kn76dVxkWhCcerRGlBA50HrhRBkkmC NS2tAVhmdq8BXoAErG3B+v2DzTwCqK0Yz03bTQpK5JJ5XrcVAT99WPxwB1Sm3484+Y5zxoAnVZQyZSbhtKqGoYleut8b0yGoh9RQm2LY2MmmxkC9AEw2kmS+Mr5dVI2NHzMmxk3zjFfkW1H3jDFBmyGOIdb6LxET2AjDQUoo7w gD6zi3SJvJl8ZNRLp2904irCSIFJ47cVETmM+J9BS+Eauym/ZUJ6e2Geryt0lTHXe2z70F/IbyStFcZBSn7jL9rDGFWr9aA1cdQrQjzJpjdzk/1A3ZCbnqvyjOaeI+tJzWuA+t87ax2/xe4ZUrfKYEhVLp0j4DnYrFluA5L1h sL8evFLj1QMUCZqojEuFUO2fU9psXeLlSlyDXgH3SQv8B6xpnx0fh6Cj88nZ48qF53HbRC/QKHaIQvUMn6BMao1OEUYmu0W/0p/e5J3tlr1qh21vNmn3UGr1f/wCIURKj</latexit><latexit sha1_base64="wlNLMyIxNyxYg92XWPCjDznjVNI=">AAAFynicdZTPb9MwFMe9scIovzp25BKoJ o3LaCYkOE5w4cChSOyH1FTVi+O00WzH2E4hZL7xf+wKfxL/DXaadY0zXNV6et+P37OfXxwLmik9Gv3d2r6307v/YPdh/9HjJ0+fDfaen6m8kJic4pzm8iIGRWjGyanONCUXQhJgMSXn8eVHp58viVRZzr/qUpApgznP0gyDtq7 ZYD+KQVbReJGZ2Tw4jOQifz0bDEdHo3oEXSNsjCFqxni2t3MdJTkuGOEaU1BqEo6EnlYgdYYpMf2oUEQAvoQ5mViTAyNqWtW7N8GB9SRBmkv75zqovZsrKmBKlSy2JAO9UL7mnHdpk0Kn76dVxkWhCcerRGlBA50HrhRBkkmC NS2tAVhmdq8BXoAErG3B+v2DzTwCqK0Yz03bTQpK5JJ5XrcVAT99WPxwB1Sm3484+Y5zxoAnVZQyZSbhtKqGoYleut8b0yGoh9RQm2LY2MmmxkC9AEw2kmS+Mr5dVI2NHzMmxk3zjFfkW1H3jDFBmyGOIdb6LxET2AjDQUoo7w gD6zi3SJvJl8ZNRLp2904irCSIFJ47cVETmM+J9BS+Eauym/ZUJ6e2Geryt0lTHXe2z70F/IbyStFcZBSn7jL9rDGFWr9aA1cdQrQjzJpjdzk/1A3ZCbnqvyjOaeI+tJzWuA+t87ax2/xe4ZUrfKYEhVLp0j4DnYrFluA5L1h sL8evFLj1QMUCZqojEuFUO2fU9psXeLlSlyDXgH3SQv8B6xpnx0fh6Cj88nZ48qF53HbRC/QKHaIQvUMn6BMao1OEUYmu0W/0p/e5J3tlr1qh21vNmn3UGr1f/wCIURKj</latexit><latexit sha1_base64="wlNLMyIxNyxYg92XWPCjDznjVNI=">AAAFynicdZTPb9MwFMe9scIovzp25BKoJ o3LaCYkOE5w4cChSOyH1FTVi+O00WzH2E4hZL7xf+wKfxL/DXaadY0zXNV6et+P37OfXxwLmik9Gv3d2r6307v/YPdh/9HjJ0+fDfaen6m8kJic4pzm8iIGRWjGyanONCUXQhJgMSXn8eVHp58viVRZzr/qUpApgznP0gyDtq7 ZYD+KQVbReJGZ2Tw4jOQifz0bDEdHo3oEXSNsjCFqxni2t3MdJTkuGOEaU1BqEo6EnlYgdYYpMf2oUEQAvoQ5mViTAyNqWtW7N8GB9SRBmkv75zqovZsrKmBKlSy2JAO9UL7mnHdpk0Kn76dVxkWhCcerRGlBA50HrhRBkkmC NS2tAVhmdq8BXoAErG3B+v2DzTwCqK0Yz03bTQpK5JJ5XrcVAT99WPxwB1Sm3484+Y5zxoAnVZQyZSbhtKqGoYleut8b0yGoh9RQm2LY2MmmxkC9AEw2kmS+Mr5dVI2NHzMmxk3zjFfkW1H3jDFBmyGOIdb6LxET2AjDQUoo7w gD6zi3SJvJl8ZNRLp2904irCSIFJ47cVETmM+J9BS+Eauym/ZUJ6e2Geryt0lTHXe2z70F/IbyStFcZBSn7jL9rDGFWr9aA1cdQrQjzJpjdzk/1A3ZCbnqvyjOaeI+tJzWuA+t87ax2/xe4ZUrfKYEhVLp0j4DnYrFluA5L1h sL8evFLj1QMUCZqojEuFUO2fU9psXeLlSlyDXgH3SQv8B6xpnx0fh6Cj88nZ48qF53HbRC/QKHaIQvUMn6BMao1OEUYmu0W/0p/e5J3tlr1qh21vNmn3UGr1f/wCIURKj</latexit>
 ¯q(⇢)
<latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit><latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit><latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit><latexit sha1_base64="C uXkAZBVtahkfHmg7vGWndP0WQI=">AAAFynicdZTPb9Mw FMe9scIoP7axI5dANWlcRjMhwXGCCwcORWI/pKaqXhynj WY7nu0UQuYb/8eu8Cfx32CnWdc4w1Wtp/f9+D37+cWxoJn Sw+Hfjc0HW72Hj7Yf9588ffZ8Z3fvxZnKC4nJKc5pLi9i UIRmnJzqTFNyISQBFlNyHl9+cvr5gkiV5fybLgWZMJjxL M0waOua7u5HMcgqGs0zM70KDiM5z99MdwfDo2E9gq4RNs YANWM03du6iZIcF4xwjSkoNQ6HQk8qkDrDlJh+VCgiAF/ CjIytyYERNanq3ZvgwHqSIM2l/XMd1N71FRUwpUoWW5KBn itfc877tHGh0w+TKuOi0ITjZaK0oIHOA1eKIMkkwZqW1g AsM7vXAM9BAta2YP3+wXoeAdRWjOem7SYFJXLBPK/bioC fPix+uAMq0+9HnHzHOWPAkypKmTLjcFJVg9BEr9zvrekQ 1ENqqE0xbOxkU2OgXgAmG0kyXxndLapGxo8ZE+OmWcYrc lXUPWNM0GaIY4i1/kvEBNbCcJASynvCwCrOHdJm8oVxE5G u3b2TCCsJIoXnTlzUBGYzIj2Fr8Wq7KY91cmpbYa6/G3S VMed7XNvAb+lvFI0FxnFqbtMP2tModavV8B1hxDtCNPm2 F3OD3VLdkIu+y+Kc5q4Dy2nNe5Dq7xt7C6/V3jlCp8pQa FUurTPQKdisSV4zgsW28vxKwVuPVAxh6nqiEQ41c4Ztf3 mBV4s1QXIFWCftNB/wLrG2fFRODwKv74bnHxsHrdt9BK9R ocoRO/RCfqMRugUYVSiG/Qb/el96cle2auW6OZGs2YftU bv1z+9yxKt</latexit>
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Figure 3. Groomed jet mass distributions multiplied by ρ for a quark-initiated jet [Fig. 3-(a), (c)]
and a gluon-initiated jet [Fig. 3-(b), (d)] with (pJT , R) = (1 TeV, 0.4) and (p
J
T , R) = (0.5 TeV, 0.4) in
the midrange region (ρ ∼ yc  1). Here ρ = M2J/(pJTR)2. The black thick lines denote the NLL
resummed results with the fixed NLO corrections (NLLG + NLO). The blue dashed lines denote the
resummed results including the NGLs (NLLG+NG + NLO). The red dot-dashed lines are the results
at NLO without resummation. Gray bands at NLLG + NLO show the uncertainties under the scale
variations from µc,uc,cs = 2µ
0
c,uc,cs to µ
0
c,uc,cs/2.
and yc at NLL accuracy with the fixed NLO corrections (NLLG + NLO), where NLLG means
the resummation without NGLs. These results can be directly obtained from Eq. (5.7). We
set the default collinear, ultracollinear, and csoft scales as (µ0c , µ
0
uc, µ
I,0
cs ) = (Q,
√
ρQ,
√
ρycQ).
Though the resummed result is independent of µf , there is arbitrariness in setting the default
scale for each factorized function. The uncertainties when each scale varies from 2µ0i to µ
0
i /2
separately are shown as gray bands in Fig. 3.
Compared to the fixed NLO results without resummation (red dot-dashed lines in Fig. 3),
the resummed results are significantly enhanced by 50− 80 %. Since the jet mass distribution
for a gluon-initiated jet is broad and decreases slowly away from the peak, the distribution for
the gluon-initiated jet is dominant over the quark-initiated jet in this region. Note that the
contributions of the NGLs (blue dashed lines in in Fig. 3) are small even though the jet mass
in this region is a nonglobal variable.
In Fig. 4, we show the groomed jet mass distributions (multiplied by ρ) in the peak
region (ρ  yc  1). Here black thick lines are our default results with the accuracy of
NLLG + NLO using Eq. (5.17). The default scales for the factorized functions are chosen as
(µ0c , µ
II,0
cs , µ0uc, µ
0
ucs) = (Q, ycQ,
√
ρQ,
√
ρycQ). We estimate the uncertainties by varying the
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⇢
<latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEE pcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxm u7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2 vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvq aAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIo zm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEE pcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxm u7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2 vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvq aAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIo zm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEE pcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxm u7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2 vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvq aAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIo zm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEE pcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxm u7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2 vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvq aAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIo zm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit>
⇢
<latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSp xKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupn uD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2Azjw TqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuD MfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlb oAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSp xKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupn uD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2Azjw TqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuD MfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlb oAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSp xKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupn uD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2Azjw TqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuD MfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlb oAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSp xKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupn uD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2Azjw TqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuD MfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlb oAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit>
pJT = 1 TeV, R = 0.4<latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8="> AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PG OPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkG bV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHB hRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9 s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFp V948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV +eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWh ULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/ UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8="> AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PG OPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkG bV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHB hRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9 s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFp V948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV +eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWh ULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/ UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8="> AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PG OPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkG bV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHB hRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9 s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFp V948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV +eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWh ULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/ UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit><latexit sha1_base64="rlJ4YpM3jRGN28/VDPWPXXFtHn8="> AAAFznicdZTNbhMxEMfd0kAJXy0cOHBZiCpxQCFbVYJLpQouiFNA/ZKyIZr1epNVba+xvYGwdbnyFhy4wgPxNtibNM16i6NYo/n/PG OPZx0Lmind6/1dW7+x0bp5a/N2+87de/cfbG0/PFZ5ITE5wjnN5WkMitCMkyOdaUpOhSTAYkpO4rO3Tj+ZEqmynB/qmSBDBmOepRkG bV2jrcdidPjp/X54ETFZHpJj8+Li436vuzfa6vS6vWoETSNcGB20GP3R9sbPKMlxwQjXmIJSg7An9LAEqTNMiWlHhSIC8BmMycCaHB hRw7I6gQl2rCcJ0lzaP9dB5V1dUQJTasZiSzLQE+VrznmdNih0+npYZlwUmnA8T5QWNNB54MoRJJkkWNOZNQDLzO41wBOQgLUtWru9 s5pHALVV47mpu0lBiZwyz+u2IuCbD4uv7oDKtNsRJ19wzhjwpIxSpswgHJZlJzTRU/d7aRoE9ZAKqlMMGzvZ1BioF4DJhSSZr/SvFp V948eMiXHTOOMl+VxUfWNMUGeIY4i1/kvEBFbCcJASZteEgWWcK6TO5FPjJiJdy3snEVYSRArPnbioCYzHRHoKX4lV2k17qpNT2wxV +eukKXcb2+feAn5JeaVYXGQUp+4y/awxhUo/XwLnDULUI4wWx25yfqhLshFy3n9RnNPEfWg5rXAfWuatY1f5vcIrV/hMCQozpWf2GWh ULLYEz3nBYns5fqXArQcqJjBSDZEIp9o5o7bfvMDTuToFuQTskxb6D1jTON7thr1u+GGvc/Bm8bhtoifoGXqOQvQKHaB3qI+OEEYG/ UK/0Z9WvzVtmdb3Obq+tljzCNVG68c/+IoTrQ==</latexit>
pJT = 0.5 TeV, R = 0.4<latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAA F0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImio dhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3Y fnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7Zfr oPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAb z4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfI iGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgL MaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQ JyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAA F0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImio dhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3Y fnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7Zfr oPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAb z4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfI iGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgL MaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQ JyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAA F0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImio dhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3Y fnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7Zfr oPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAb z4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfI iGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgL MaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQ JyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAA F0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbolnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImio dhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3Y fnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNaagVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7Zfr oPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAb z4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtjYyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfI iGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgL MaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkSFKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQ JyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit>
pJT = 0.5 TeV, R = 0.4<latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbo lnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNa agVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtj YyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkS FKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbo lnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNa agVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtj YyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkS FKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbo lnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNa agVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtj YyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkS FKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit><latexit sha1_base64="BekdbRk/GFen3VrYYavbX5zB0k0=">AAAF0HicdZTNbhMxEMfd0kAJXy2cEJeFqBIHFHarIrggVXBBnELVLykbo lnHSVa1vcb2hoatW3HlJThxhefhbbA3aZr1FkexJvP/ecYeT5wImiodhn9XVm+sNW7eWr/dvHP33v0HG5sPD1WWS0wOcEYzeZyAIjTl5ECnmpJjIQmwhJKj5OS9048mRKo04/t6KkiPwYinwxSDtq7+xmPR3//88W3YfnUeM1nsk0Pz4nzP/t7pb7TCdliOoG5Ec6OF5qPT31z7GQ8ynDPCNa agVDcKhe4VIHWKKTHNOFdEAD6BEelakwMjqleUZzDBlvUMgmEm7ZfroPQuryiAKTVliSUZ6LHyNee8TuvmevimV6Rc5JpwPEs0zGmgs8AVJBikkmBNp9YALFO71wCPQQLWtmzN5tZyHgHU1o1npuomOSVywjyv24qAbz4sTt0BlWk2Y06+4owx4IMiHjJlulGvKFqRiZ+6z0tTI6iHlFCVYtj YyabGQL0ATM4lyXylc7Wo6Bg/ZkKMm0YpL8iXvOwcY4IqQxxDrPVfIiGwFIaDlDC9Jgws4lwhVSabGDcR6ZreO4mwkiBSeO6BizqA0YhIT+FLsQq7aU918tA2Q1n+KmmK7dr2ubeAX1JeKeYXGSdDd5l+1oRCqZ8tgLMaIaoR+vNj1zk/1CVZCznrvzjJ6MD90TJa4j60yFvFrvJ7hVeu8KkS FKZKT+0zUKtYYgme8Zwl9nL8SoFbD1SMoa9qIhFOtXNKbb95gSczdQJyAdgnLfIfsLpxuN2Ownb0aae1+27+uK2jJ+gZeo4i9Brtog+ogw4QRhfoF/qN/jT2GqeNi8b3Gbq6Ml/zCFVG48c/XtUUIw==</latexit>
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Figure 4. Groomed jet mass distributions multiplied by ρ in the peak region (ρ  yc). Here
Fig. 4- (a,c) are for the quark-initiated jet and Fig. 4-(b,d) for the gluon-initiated jet. The black thick
lines denote the NLL resummed results with the fixed NLO corrections (NLLG + NLO) and the blue
dashed lines denote the resummed results including NGLs (NLLG+NG + NLO). The red dot-dashed
lines are the results resumming ln ρ at LL accuracy. Gray bands for the results at NLLG + NLO are
the uncertainties under the scale variations from µc,cs,uc,ucs = 2µ
0
c,cs,uc,ucs to µ
0
c,cs,uc,ucs/2.
scales from 2µ0i to µ
0
i /2 separately, and they are shown as gray bands in Fig. 4. To avoid
the Landau pole as ρ goes to zero, we introduce a small, fixed point, ρ0. Then, in the region
ρ < ρ0, we make the ucsoft scale freeze at a value slightly above the Landau pole. This is
implemented by using the scale profile as
µpfucs =
{
Q
√
ycρ if ρ ≥ ρ0,
µmin + aQ
√
ycρ3 if ρ < ρ0,
(6.1)
where we set µmin = 0.5 GeV. And ρ0 and a are determined for µ
pf
ucs to be smooth and
continuous at ρ0. Accordingly, the ultracollinear scale profile is given as µ
pf
uc = µ
pf
ucs/
√
yc.
The NGL contributions to the resummed results (blue dashed lines in Fig. 4) come from
the scale deviation between µc and µ
II
cs , hence the NGLs in the peak region takes the form
of ln yc and it affects the normalization of the distributions. As in the case of the midrange
region, the effects are tiny, and especially negligible for a quark-initiated jet.
Red dot-dashed lines in Fig. 4 are the results of resumming ln ρ only with the accuracy
of LL+NLO,4 which are based on the factorized results in Eq. (4.7) reflecting the limit ρ 
4 Since the results at NLO in Eq. (4.7) involve only single logarithms, the resummed results at LL accuracy
can be estimated as O(1) and comparable to the results at NLL accuracy shown in Eqs. (5.7) and (5.17).
– 20 –
10-5 10-4 0.001 0.010 0.100
0.05
0.10
0.15
0.20
10-5 10-4 0.001 0.010 0.100
0.05
0.10
0.15
0.20
0.25
⇢ ¯q(⇢)
<latexit sha1_base64="q7e xc+Z5nXV49SBEh0Q0rEH3IU8=">AAAFz3icdZTPb9MwFMe9sc IoP7bBBYlLoJo0LqOZkOA4wYVjJ7EfUlNVL47TRrMdz3Y6Sua JK38FF67w//DfYKdZ1zjDVa2n9/34Pfv5xbGgmdL9/t+19Xsb nfsPNh92Hz1+8nRre+fZicoLickxzmkuz2JQhGacHOtMU3ImJA EWU3Ian39y+umMSJXl/IueCzJiMOFZmmHQ1jXefhHJaR5EMcg yGkwzM74I9pzrzXi719/vVyNoG2Ft9FA9BuOdjZ9RkuOCEa4x BaWGYV/oUQlSZ5gS040KRQTgc5iQoTU5MKJGZXUEE+xaTxKku bR/roPKu7qiBKbUnMWWZKCnytec8y5tWOj0w6jMuCg04XiRKC 1ooPPA1SNIMkmwpnNrAJaZ3WuApyABa1u1bnd3NY8AasvGc9N 0k4ISOWOe121FwDcfFl/dAZXpdiNOLnHOGPCkjFKmzDAclWUv NNEr93trWgT1kApqUgwbO9nUGKgXgMlaksxXBreLyoHxY8bEu GmS8ZJcFFXjGBM0GeIYYq3/EjGBlTAcpIT5HWFgGecWaTL5zL iJSNfz3kmElQSRwnMnLmoCkwmRnsJXYpV2057q5NQ2Q1X+JmnK g9b2ubeA31BeKeqLjOLUXaafNaZQ6VdL4KpFiGaEcX3sNueHu iFbIRf9F8U5TdyHltMK96Fl3iZ2m98rvHKFz5SgMFd6bp+BVs ViS/CcFyy2l+NXCtx6oGIKY9USiXCqnTNq+80LPFuoM5BLwD5 pof+AtY2Tg/2wvx8evesdfqwft030Er1GeyhE79Eh+owG6Bhh dI1+od/oT+eoc9m57nxfoOtr9ZrnqDE6P/4BGwsUpA==</lat exit><latexit sha1_base64="q7e xc+Z5nXV49SBEh0Q0rEH3IU8=">AAAFz3icdZTPb9MwFMe9sc IoP7bBBYlLoJo0LqOZkOA4wYVjJ7EfUlNVL47TRrMdz3Y6Sua JK38FF67w//DfYKdZ1zjDVa2n9/34Pfv5xbGgmdL9/t+19Xsb nfsPNh92Hz1+8nRre+fZicoLickxzmkuz2JQhGacHOtMU3ImJA EWU3Ian39y+umMSJXl/IueCzJiMOFZmmHQ1jXefhHJaR5EMcg yGkwzM74I9pzrzXi719/vVyNoG2Ft9FA9BuOdjZ9RkuOCEa4x BaWGYV/oUQlSZ5gS040KRQTgc5iQoTU5MKJGZXUEE+xaTxKku bR/roPKu7qiBKbUnMWWZKCnytec8y5tWOj0w6jMuCg04XiRKC 1ooPPA1SNIMkmwpnNrAJaZ3WuApyABa1u1bnd3NY8AasvGc9N 0k4ISOWOe121FwDcfFl/dAZXpdiNOLnHOGPCkjFKmzDAclWUv NNEr93trWgT1kApqUgwbO9nUGKgXgMlaksxXBreLyoHxY8bEu GmS8ZJcFFXjGBM0GeIYYq3/EjGBlTAcpIT5HWFgGecWaTL5zL iJSNfz3kmElQSRwnMnLmoCkwmRnsJXYpV2057q5NQ2Q1X+JmnK g9b2ubeA31BeKeqLjOLUXaafNaZQ6VdL4KpFiGaEcX3sNueHu iFbIRf9F8U5TdyHltMK96Fl3iZ2m98rvHKFz5SgMFd6bp+BVs ViS/CcFyy2l+NXCtx6oGIKY9USiXCqnTNq+80LPFuoM5BLwD5 pof+AtY2Tg/2wvx8evesdfqwft030Er1GeyhE79Eh+owG6Bhh dI1+od/oT+eoc9m57nxfoOtr9ZrnqDE6P/4BGwsUpA==</lat exit><latexit sha1_base64="q7e xc+Z5nXV49SBEh0Q0rEH3IU8=">AAAFz3icdZTPb9MwFMe9sc IoP7bBBYlLoJo0LqOZkOA4wYVjJ7EfUlNVL47TRrMdz3Y6Sua JK38FF67w//DfYKdZ1zjDVa2n9/34Pfv5xbGgmdL9/t+19Xsb nfsPNh92Hz1+8nRre+fZicoLickxzmkuz2JQhGacHOtMU3ImJA EWU3Ian39y+umMSJXl/IueCzJiMOFZmmHQ1jXefhHJaR5EMcg yGkwzM74I9pzrzXi719/vVyNoG2Ft9FA9BuOdjZ9RkuOCEa4x BaWGYV/oUQlSZ5gS040KRQTgc5iQoTU5MKJGZXUEE+xaTxKku bR/roPKu7qiBKbUnMWWZKCnytec8y5tWOj0w6jMuCg04XiRKC 1ooPPA1SNIMkmwpnNrAJaZ3WuApyABa1u1bnd3NY8AasvGc9N 0k4ISOWOe121FwDcfFl/dAZXpdiNOLnHOGPCkjFKmzDAclWUv NNEr93trWgT1kApqUgwbO9nUGKgXgMlaksxXBreLyoHxY8bEu GmS8ZJcFFXjGBM0GeIYYq3/EjGBlTAcpIT5HWFgGecWaTL5zL iJSNfz3kmElQSRwnMnLmoCkwmRnsJXYpV2057q5NQ2Q1X+JmnK g9b2ubeA31BeKeqLjOLUXaafNaZQ6VdL4KpFiGaEcX3sNueHu iFbIRf9F8U5TdyHltMK96Fl3iZ2m98rvHKFz5SgMFd6bp+BVs ViS/CcFyy2l+NXCtx6oGIKY9USiXCqnTNq+80LPFuoM5BLwD5 pof+AtY2Tg/2wvx8evesdfqwft030Er1GeyhE79Eh+owG6Bhh dI1+od/oT+eoc9m57nxfoOtr9ZrnqDE6P/4BGwsUpA==</lat exit><latexit sha1_base64="q7e xc+Z5nXV49SBEh0Q0rEH3IU8=">AAAFz3icdZTPb9MwFMe9sc IoP7bBBYlLoJo0LqOZkOA4wYVjJ7EfUlNVL47TRrMdz3Y6Sua JK38FF67w//DfYKdZ1zjDVa2n9/34Pfv5xbGgmdL9/t+19Xsb nfsPNh92Hz1+8nRre+fZicoLickxzmkuz2JQhGacHOtMU3ImJA EWU3Ian39y+umMSJXl/IueCzJiMOFZmmHQ1jXefhHJaR5EMcg yGkwzM74I9pzrzXi719/vVyNoG2Ft9FA9BuOdjZ9RkuOCEa4x BaWGYV/oUQlSZ5gS040KRQTgc5iQoTU5MKJGZXUEE+xaTxKku bR/roPKu7qiBKbUnMWWZKCnytec8y5tWOj0w6jMuCg04XiRKC 1ooPPA1SNIMkmwpnNrAJaZ3WuApyABa1u1bnd3NY8AasvGc9N 0k4ISOWOe121FwDcfFl/dAZXpdiNOLnHOGPCkjFKmzDAclWUv NNEr93trWgT1kApqUgwbO9nUGKgXgMlaksxXBreLyoHxY8bEu GmS8ZJcFFXjGBM0GeIYYq3/EjGBlTAcpIT5HWFgGecWaTL5zL iJSNfz3kmElQSRwnMnLmoCkwmRnsJXYpV2057q5NQ2Q1X+JmnK g9b2ubeA31BeKeqLjOLUXaafNaZQ6VdL4KpFiGaEcX3sNueHu iFbIRf9F8U5TdyHltMK96Fl3iZ2m98rvHKFz5SgMFd6bp+BVs ViS/CcFyy2l+NXCtx6oGIKY9USiXCqnTNq+80LPFuoM5BLwD5 pof+AtY2Tg/2wvx8evesdfqwft030Er1GeyhE79Eh+owG6Bhh dI1+od/oT+eoc9m57nxfoOtr9ZrnqDE6P/4BGwsUpA==</lat exit>
⇢ ¯g(⇢)
<latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="cbQQHTY+pW6mRO5UR1s0NgXs5ig=">AAAFp3icdZTNbtQwEMdd6EIJBdozl0BViVNJegCOSFw4LhL9 kDar1cSZbKPajrGdhSX1C3DlAXgu3gY7u91unOLVWqP5/zxjjyfOJau0SZK/Ow8e7o4ePd57Ej3dj549f3Gwf67rRlE8ozWr1WUOGlkl8MxUhuGlVAg8Z3iRX3/y+sUCla5q8dUsJU45zEVVVhSMc41nB0fJSdKNeGika+OIrMfscPdPVtS04SgMZaD1JE2kmbagTE UZ2ihrNEqg1zDHiTMFcNTTttunjY+dp4jLWrm/MHHn3V7RAtd6yXNHcjBXOtS88z5t0pjyw7SthGwMCrpKVDYsNnXsDx0XlUJq2NIZQFXl9hrTK1BAjStNFB1v55HAXG1EbftubBiqBQ+8fisSfoaw/OEPqG0UZQK/05pzEEWblVzbSTpt26PUZq/8760dECxAOqhP cWrd5FJTYEEArtaS4qEyvlvUjm0YM0frp3klWvzWdN1hbdxn0DPorP8SOcJWGAFKwfKeMLCJc4f0mXph/YTKN3ZwEukkiUoG7sJHLWA+RxUoYitW6zYdqF4uXTN05e+Ttj0dbF8EC8QtFZRifZFZXvrLDLPmDDr9ZgPcDAjZjzBbH3vIhaFuyUHIVf9lec0K/6HVrMN DaJO3j93lDwqvfeErLRkstVm6Z2BQsdwRohYNz93lhJUCvx6YvIKZHogovermirl+CwIvVuoC1AZwL1oavl9D4/z0JE1O0i8J2SMvyWvyhqTkPflIPpMxOSOUFOQX+T16N8pGdPXyPdhZP4GHpDdG+A8Oewi+</latexit><latexit sha1_base64="mCVQqiOqJOzMIAYQUySde5R7Er8=">AAAFxHicdZTNbhMxEMfd0kAJBVpOSFwWqkrlUnZ7gSMSF46p RD+kbBTNer3Jqv7C9qaErSvehAtXeB/eBnuTpllvcRRrNP+fZ+zxrDNJS23i+O/G5oOt3sNH24/7T3aePnu+u7dzpkWlMDnFggp1kYEmtOTk1JSGkgupCLCMkvPs8pPXz2dE6VLwL2YuyYjBhJdFicE413j3ZaqmIkozUHU6mJZ2PIkOvevteHc/PoqbEXWNZGnso+ UYjPe2fqa5wBUj3GAKWg+TWJpRDcqUmBLbTytNJOBLmJChMzkwokd1cwQbHThPHhVCuT83UeNdX1ED03rOMkcyMFMdat55nzasTPFhVJdcVoZwvEhUVDQyIvL1iPJSEWzo3BmAVen2GuEpKMDGVa3fP1jPI4G6snFh225SUaJmLPD6rUj4HsLymz+gtv1+yskVFowB z+u0YNoOk1Fd7yc2fe1/72yHoAHSQG2KYesmlxoDDQIwtZQUC5XB3aJ6YMOYGbF+mpS8Jl+rpnGsjdoM8Qxx1n+JjMBaGA5KwfyeMLCKc4e0GTGzfiLK93xwEukkSZQM3LmPmsNkQlSg8LVYtdt0oHq5cM3QlL9N2vq4s30eLOC3VFCK5UWmWeEvM8yaUWj06xVw3SF kO8J4eewuF4a6JTshF/2XZoLm/kMTtMFDaJW3jd3lDwqvfeFLLSnMtZm7Z6BTscwRXPCKZe5ywkqBXw9UTmGsOyKRXnVzSV2/BYFnC3UGagW4Jy0JH7CucXZ8lMRHyUmMttEr9AYdogS9Rx/RZzRApwijG/QL/UZ/eie9q97N4vHb3Fi+gi9Qa/R+/APoIxNc</lat exit><latexit sha1_base64="mCVQqiOqJOzMIAYQUySde5R7Er8=">AAAFxHicdZTNbhMxEMfd0kAJBVpOSFwWqkrlUnZ7gSMSF46p RD+kbBTNer3Jqv7C9qaErSvehAtXeB/eBnuTpllvcRRrNP+fZ+zxrDNJS23i+O/G5oOt3sNH24/7T3aePnu+u7dzpkWlMDnFggp1kYEmtOTk1JSGkgupCLCMkvPs8pPXz2dE6VLwL2YuyYjBhJdFicE413j3ZaqmIkozUHU6mJZ2PIkOvevteHc/PoqbEXWNZGnso+ UYjPe2fqa5wBUj3GAKWg+TWJpRDcqUmBLbTytNJOBLmJChMzkwokd1cwQbHThPHhVCuT83UeNdX1ED03rOMkcyMFMdat55nzasTPFhVJdcVoZwvEhUVDQyIvL1iPJSEWzo3BmAVen2GuEpKMDGVa3fP1jPI4G6snFh225SUaJmLPD6rUj4HsLymz+gtv1+yskVFowB z+u0YNoOk1Fd7yc2fe1/72yHoAHSQG2KYesmlxoDDQIwtZQUC5XB3aJ6YMOYGbF+mpS8Jl+rpnGsjdoM8Qxx1n+JjMBaGA5KwfyeMLCKc4e0GTGzfiLK93xwEukkSZQM3LmPmsNkQlSg8LVYtdt0oHq5cM3QlL9N2vq4s30eLOC3VFCK5UWmWeEvM8yaUWj06xVw3SF kO8J4eewuF4a6JTshF/2XZoLm/kMTtMFDaJW3jd3lDwqvfeFLLSnMtZm7Z6BTscwRXPCKZe5ywkqBXw9UTmGsOyKRXnVzSV2/BYFnC3UGagW4Jy0JH7CucXZ8lMRHyUmMttEr9AYdogS9Rx/RZzRApwijG/QL/UZ/eie9q97N4vHb3Fi+gi9Qa/R+/APoIxNc</lat exit><latexit sha1_base64="TOA7H+Uk3dQ+U50Tx776GBBGTl8=">AAAFz3icdZTPb9MwFMc9WGGUXxtckLgEqknjMpJd4DjBhWMn sR9SU1UvjtNGsx1jOx0l88SVv4ILV/h/+G+w06xrnOGq1tP7fvye/fziRNBc6TD8u3Hn7mbv3v2tB/2Hjx4/ebq98+xEFaXE5BgXtJBnCShCc06Oda4pOROSAEsoOU3OPzr9dE6kygv+WS8EGTOY8jzLMWjrmmy/iOWsCOIEZBUPZ7mZTIM953oz2R6E+2E9gq4RNc YANWM42dn8GacFLhnhGlNQahSFQo8rkDrHlJh+XCoiAJ/DlIysyYERNa7qI5hg13rSICuk/XMd1N71FRUwpRYssSQDPVO+5py3aaNSZ+/HVc5FqQnHy0RZSQNdBK4eQZpLgjVdWAOwzO1eAzwDCVjbqvX7u+t5BFBbNl6YtpuUlMg587xuKwK++bD46g6oTL8fc3KB C8aAp1WcMWVG0biqBpGJX7nfW9MhqIfUUJti2NjJpsZAvQBMNpJkvjK8WVQNjR8zIcZN05xX5EtZN44xQZshjiHW+i+REFgLw0FKWNwSBlZxbpA2U8yNm4h0Pe+dRFhJECk8d+qipjCdEukpfC1WZTftqU7ObDPU5W+TpjrobJ97C/g15ZWiucg4ydxl+lkTCrV+uQI uO4RoR5g0x+5yfqhrshNy2X9xUtDUfWgFrXEfWuVtYzf5vcIrV/hcCQoLpRf2GehULLEEL3jJEns5fqXArQcqZjBRHZEIp9o5p7bfvMDzpToHuQLskxb5D1jXODnYj8L96CgcHH5oHrct9BK9RnsoQu/QIfqEhugYYXSFfqHf6E/vqHfRu+p9X6J3Npo1z1Fr9H78A +RCFJY=</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit><latexit sha1_base64="VCOcx2LacCAg9Y4EBNx5rJJ9T0c=">AAAFz3icdZTPb9MwFMe9scIovzq4IHEJVJPGZTQTEhwnuHDs JPZDaqrqxXHaaLZjbKejZJ648ldw4Qr/D/8Ndpp1jTNc1Xp634/fs59fHAuaKT0Y/N3YvLPVuXtv+373wcNHj5/0dp6eqLyQmBzjnObyLAZFaMbJsc40JWdCEmAxJafx+Uenn86JVFnOP+uFIGMGU56lGQZtXZPe80jO8iCKQZbRcJaZyTTYc67Xk15/sD+oRtA2wt roo3oMJztbP6MkxwUjXGMKSo3CgdDjEqTOMCWmGxWKCMDnMCUja3JgRI3L6ggm2LWeJEhzaf9cB5V3fUUJTKkFiy3JQM+Urznnbdqo0On7cZlxUWjC8TJRWtBA54GrR5BkkmBNF9YALDO71wDPQALWtmrd7u56HgHUlo3npukmBSVyzjyv24qAbz4svroDKtPtRpxc 4Jwx4EkZpUyZUTguy35oopfu98a0COohFdSkGDZ2sqkxUC8Ak7Ukma8MbxaVQ+PHjIlx0zTjJflSVI1jTNBkiGOItf5LxATWwnCQEha3hIFVnBukyeRz4yYiXc97JxFWEkQKz524qAlMp0R6Cl+LVdpNe6qTU9sMVfmbpCkPWtvn3gJ+TXmlqC8yilN3mX7WmEKlX66 AyxYhmhEm9bHbnB/qmmyFXPZfFOc0cR9aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhejl8pcOuBihlMVEskwql2zqjtNy/wfKnOQa4A+6SF/gPWNk4O9sPBfnj0tn/4oX7cttEL9ArtoRC9Q4foExqiY4TRFfqFfqM/naPOReeq832Jbm7Ua56hxuj8+ AflghSa</latexit>
⇢
<latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaO XBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaS TBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMo KRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8 SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvv CFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</late xit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaO XBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaS TBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMo KRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8 SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvv CFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</late xit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaO XBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaS TBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMo KRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8 SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvv CFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</late xit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaO XBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbDv1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaS TBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMo KRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8 SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvv CFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8afjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</late xit>
⇢
<latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbD v1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN 2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8a fjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbD v1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN 2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8a fjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbD v1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN 2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8a fjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit><latexit sha1_base64="lOjZVj2FX1hFv6UgoFy89fIZ4Zc=">AAAFuXicdZRLbxMxEMfd0kAJrxaOXBaiSpxKtqoEEpcKLhyDRB9SNopmvd5kqV/Y3kDY+itwhRufi2+DvdmmWW9xFGs0/59n7PGsU0kLbYbD v1vbd3Z6d+/t3u8/ePjo8ZO9/adnWpQKk1MsqFAXKWhCC05OTWEouZCKAEspOU8vP3j9fEGULgT/bJaSTBjMeJEXGIx3JWoupnuD4eGwHlHXiBtjgJoxmu7v/EkygUtGuMEUtB7HQ2kmFShTYEpsPyk1kYAvYUbGzuTAiJ5U9WZtdOA8WZQL5f7cRLV3c0UFTOslSx3JwMx1qHnnbdq4NPnbSVVwWRrC8SpRXtLIiMifPMoKRbChS2cAVoXba4TnoAAbV59+/2AzjwTqCsSFbbtJSYlasMDrtyLhRwjL7/6A2vb7CSffsGAMeFYlOdN 2HE+qahDb5IX/vbYdggZIDbUphq2bXGoMNAjAVCMpFiqjm0XVyIYxU2L9NCt4Rb6WdYtYG7UZ4hnirP8SKYGNMByUguUtYWAd5wZpM2Jh/USU7+7gJNJJkigZuDMfNYPZjKhA4RuxKrfpQPVy7pqhLn+btNVRZ/s8WMCvqaAUzUUmae4vM8yaUqj1qzVw1SFkO8K0OXaXC0Ndk52Qq/5LUkEz/6EJWuMhtM7bxm7yB4XXvvCFlhSW2izdM9CpWOoILnjJUnc5YaXArwcq5zDVHZFIr7q5oK7fgsCLlboAtQbckxaHD1jXODs6jIeH8a fjwcn75nHbRc/RS/QKxegNOkEf0QidIozm6Cf6hX733vWgN+99WaHbW82aZ6g1evofF24Mnw==</latexit>
(a) (b)
NLL+NLO(plain)
NLL+NLO(groomed)
NLL+NLO(plain)
NLL+NLO(groomed)
LL⇢ +NLO(groomed)
<latexit sha1_base64="c5qe19a7b9VoDsC2XOrOGFtCktE=">AAA F6XicdZTLbhMxFIZdaKCEWwtLNgNRpSKkkqmQYFnBhkUFQaIXKRNFHs9JMqpv2J5AmPoh2FVsWPAebOEVeBvsSZpmPMWjWCfn//zbc+xxKmmu Tbf7d+3a9fXWjZsbt9q379y9d39z68GRFoUicEgEFeokxRpozuHQ5IbCiVSAWUrhOD194/XjKSidC/7RzCQMGB7zfJQTbFxquLmXVB5lSguwUc JUeXBgh2WiJsI+83/fHby3Oz4YKyEYZPbpcLPT3e1WLWoG8SLooEXrDbfWfySZIAUDbgjFWvfjrjSDEiuTEwq2nRQaJCaneAx9F3LMQA/KamE 22naZLBoJ5X7cRFV2dUSJmdYzljqSYTPRoeaTV2n9woxeDcqcy8IAJ/OJRgWNjIh8paIsV0AMnbkAE5W7tUZkghUmxtWz3d5enUdi6grKha2n oaCgpizI+qVI/DWE5Rf/gtq22wmHz0QwhnlWJiOmbT8elGUntslj/zy3DYIGSAXVKUas69zUBNPAgKmFpFio9C4HlT0beqZgfTfOeQmfiupIWR vVGfAMuOi/RAp4xYZjpfDsChu89LlE6oyYWt+B8l9D8CbSSRKUDNKZd83weAwqUPiKV+kWHaheHrnDUJW/Ttpyr7F8HgzgF1RQisVGJunIb2Y 4a0pxpZ8tgbMGIesOw8VrN7nQ6oJsWM7PX5IKmvkPTdAKD6HlvHXscv6g8NoXPteS4pk2M3cNNCqWOoILXrDUbU5YKezHYyoneKgbIkivuj6n 7rwFxtO5OsVqCbgrLQ4vsGZwtLcbd3fjDy86+68Xl9sGeoSeoB0Uo5doH71FPXSICDpHv9Bv9Kd12vrWOm99n6PX1hZjHqJaa/38B4LIILE=</ latexit><latexit sha1_base64="c5qe19a7b9VoDsC2XOrOGFtCktE=">AAA F6XicdZTLbhMxFIZdaKCEWwtLNgNRpSKkkqmQYFnBhkUFQaIXKRNFHs9JMqpv2J5AmPoh2FVsWPAebOEVeBvsSZpmPMWjWCfn//zbc+xxKmmu Tbf7d+3a9fXWjZsbt9q379y9d39z68GRFoUicEgEFeokxRpozuHQ5IbCiVSAWUrhOD194/XjKSidC/7RzCQMGB7zfJQTbFxquLmXVB5lSguwUc JUeXBgh2WiJsI+83/fHby3Oz4YKyEYZPbpcLPT3e1WLWoG8SLooEXrDbfWfySZIAUDbgjFWvfjrjSDEiuTEwq2nRQaJCaneAx9F3LMQA/KamE 22naZLBoJ5X7cRFV2dUSJmdYzljqSYTPRoeaTV2n9woxeDcqcy8IAJ/OJRgWNjIh8paIsV0AMnbkAE5W7tUZkghUmxtWz3d5enUdi6grKha2n oaCgpizI+qVI/DWE5Rf/gtq22wmHz0QwhnlWJiOmbT8elGUntslj/zy3DYIGSAXVKUas69zUBNPAgKmFpFio9C4HlT0beqZgfTfOeQmfiupIWR vVGfAMuOi/RAp4xYZjpfDsChu89LlE6oyYWt+B8l9D8CbSSRKUDNKZd83weAwqUPiKV+kWHaheHrnDUJW/Ttpyr7F8HgzgF1RQisVGJunIb2Y 4a0pxpZ8tgbMGIesOw8VrN7nQ6oJsWM7PX5IKmvkPTdAKD6HlvHXscv6g8NoXPteS4pk2M3cNNCqWOoILXrDUbU5YKezHYyoneKgbIkivuj6n 7rwFxtO5OsVqCbgrLQ4vsGZwtLcbd3fjDy86+68Xl9sGeoSeoB0Uo5doH71FPXSICDpHv9Bv9Kd12vrWOm99n6PX1hZjHqJaa/38B4LIILE=</ latexit><latexit sha1_base64="c5qe19a7b9VoDsC2XOrOGFtCktE=">AAA F6XicdZTLbhMxFIZdaKCEWwtLNgNRpSKkkqmQYFnBhkUFQaIXKRNFHs9JMqpv2J5AmPoh2FVsWPAebOEVeBvsSZpmPMWjWCfn//zbc+xxKmmu Tbf7d+3a9fXWjZsbt9q379y9d39z68GRFoUicEgEFeokxRpozuHQ5IbCiVSAWUrhOD194/XjKSidC/7RzCQMGB7zfJQTbFxquLmXVB5lSguwUc JUeXBgh2WiJsI+83/fHby3Oz4YKyEYZPbpcLPT3e1WLWoG8SLooEXrDbfWfySZIAUDbgjFWvfjrjSDEiuTEwq2nRQaJCaneAx9F3LMQA/KamE 22naZLBoJ5X7cRFV2dUSJmdYzljqSYTPRoeaTV2n9woxeDcqcy8IAJ/OJRgWNjIh8paIsV0AMnbkAE5W7tUZkghUmxtWz3d5enUdi6grKha2n oaCgpizI+qVI/DWE5Rf/gtq22wmHz0QwhnlWJiOmbT8elGUntslj/zy3DYIGSAXVKUas69zUBNPAgKmFpFio9C4HlT0beqZgfTfOeQmfiupIWR vVGfAMuOi/RAp4xYZjpfDsChu89LlE6oyYWt+B8l9D8CbSSRKUDNKZd83weAwqUPiKV+kWHaheHrnDUJW/Ttpyr7F8HgzgF1RQisVGJunIb2Y 4a0pxpZ8tgbMGIesOw8VrN7nQ6oJsWM7PX5IKmvkPTdAKD6HlvHXscv6g8NoXPteS4pk2M3cNNCqWOoILXrDUbU5YKezHYyoneKgbIkivuj6n 7rwFxtO5OsVqCbgrLQ4vsGZwtLcbd3fjDy86+68Xl9sGeoSeoB0Uo5doH71FPXSICDpHv9Bv9Kd12vrWOm99n6PX1hZjHqJaa/38B4LIILE=</ latexit><latexit sha1_base64="c5qe19a7b9VoDsC2XOrOGFtCktE=">AAA F6XicdZTLbhMxFIZdaKCEWwtLNgNRpSKkkqmQYFnBhkUFQaIXKRNFHs9JMqpv2J5AmPoh2FVsWPAebOEVeBvsSZpmPMWjWCfn//zbc+xxKmmu Tbf7d+3a9fXWjZsbt9q379y9d39z68GRFoUicEgEFeokxRpozuHQ5IbCiVSAWUrhOD194/XjKSidC/7RzCQMGB7zfJQTbFxquLmXVB5lSguwUc JUeXBgh2WiJsI+83/fHby3Oz4YKyEYZPbpcLPT3e1WLWoG8SLooEXrDbfWfySZIAUDbgjFWvfjrjSDEiuTEwq2nRQaJCaneAx9F3LMQA/KamE 22naZLBoJ5X7cRFV2dUSJmdYzljqSYTPRoeaTV2n9woxeDcqcy8IAJ/OJRgWNjIh8paIsV0AMnbkAE5W7tUZkghUmxtWz3d5enUdi6grKha2n oaCgpizI+qVI/DWE5Rf/gtq22wmHz0QwhnlWJiOmbT8elGUntslj/zy3DYIGSAXVKUas69zUBNPAgKmFpFio9C4HlT0beqZgfTfOeQmfiupIWR vVGfAMuOi/RAp4xYZjpfDsChu89LlE6oyYWt+B8l9D8CbSSRKUDNKZd83weAwqUPiKV+kWHaheHrnDUJW/Ttpyr7F8HgzgF1RQisVGJunIb2Y 4a0pxpZ8tgbMGIesOw8VrN7nQ6oJsWM7PX5IKmvkPTdAKD6HlvHXscv6g8NoXPteS4pk2M3cNNCqWOoILXrDUbU5YKezHYyoneKgbIkivuj6n 7rwFxtO5OsVqCbgrLQ4vsGZwtLcbd3fjDy86+68Xl9sGeoSeoB0Uo5doH71FPXSICDpHv9Bv9Kd12vrWOm99n6PX1hZjHqJaa/38B4LIILE=</ latexit>
LL⇢ +NLO
<latexit sha1_base64="8kDgxqaVIhOSd+4ls2wRgcIPufo=">AAAF23icdZRNb9MwGMe9scIobxscuQTKJCSk0UxIcJzgwmGCI rEXqamqJ47TRrMdYzuFkvnEbeLKma/AFb4J3wY7zbrGGa5qPX3+P/9tP3YdC5op3e//XVu/ttG5fmPzZvfW7Tt3721t3z9SeSExOcQ5zeVJDIrQjJNDnWlKToQkwGJKjuPTN04/nhGpspx/1HNBRgwmPEszDNqmxltPosqjjGlBTBAxWR4cmHEZyWlunrmf7w7em/FWr7 /br1rQDsI66KG6DcbbGz+jJMcFI1xjCkoNw77QoxKkzjAlphsVigjApzAhQxtyYESNymopJtixmSRIc2m/XAdVdnVECUypOYstyUBPla+55FXasNDpq1GZcVFowvFiorSggc4DV5sgySTBms5tAFhmdq0BnoIErG0Fu92d1XkEUFtCnptmmhSUyBnzsm4pAr76sPjiNqh Mtxtx8hnnjAFPyihlygzDUVn2QhM9cp/npkVQD6mgJsWwsZ2dGgP1DJisJcl8ZXA5qBwY3zMmxnWTjJfkU1FdImOCJkMcQ2z0XyImsGLDQUqYX2EDS59LpMnkM+M6It3993YirCSIFF46ca4JTCZEegpf8Srtoj3Vyam9DFX5m6Qp91rL594AfkF5pagPMopTd5j+rDGF Sj9bAmctQjQdxvW225xvdUG2LBf3L4pzmrg/Wk4r3IeW8zaxy/m9witX+EwJCnOl5/YZaFUstgTPecFiezh+pcCNByqmMFYtkQin2j6j9r55xrOFOgO5BOyTFvoPWDs42tsN+7vhhxe9/df147aJHqLH6CkK0Uu0j96iATpEGJ2jX+g3+tMZdb51zjvfF+j6Wj3mAWq0z o9/Yq8atA==</latexit><latexit sha1_base64="8kDgxqaVIhOSd+4ls2wRgcIPufo=">AAAF23icdZRNb9MwGMe9scIobxscuQTKJCSk0UxIcJzgwmGCI rEXqamqJ47TRrMdYzuFkvnEbeLKma/AFb4J3wY7zbrGGa5qPX3+P/9tP3YdC5op3e//XVu/ttG5fmPzZvfW7Tt3721t3z9SeSExOcQ5zeVJDIrQjJNDnWlKToQkwGJKjuPTN04/nhGpspx/1HNBRgwmPEszDNqmxltPosqjjGlBTBAxWR4cmHEZyWlunrmf7w7em/FWr7 /br1rQDsI66KG6DcbbGz+jJMcFI1xjCkoNw77QoxKkzjAlphsVigjApzAhQxtyYESNymopJtixmSRIc2m/XAdVdnVECUypOYstyUBPla+55FXasNDpq1GZcVFowvFiorSggc4DV5sgySTBms5tAFhmdq0BnoIErG0Fu92d1XkEUFtCnptmmhSUyBnzsm4pAr76sPjiNqh Mtxtx8hnnjAFPyihlygzDUVn2QhM9cp/npkVQD6mgJsWwsZ2dGgP1DJisJcl8ZXA5qBwY3zMmxnWTjJfkU1FdImOCJkMcQ2z0XyImsGLDQUqYX2EDS59LpMnkM+M6It3993YirCSIFF46ca4JTCZEegpf8Srtoj3Vyam9DFX5m6Qp91rL594AfkF5pagPMopTd5j+rDGF Sj9bAmctQjQdxvW225xvdUG2LBf3L4pzmrg/Wk4r3IeW8zaxy/m9witX+EwJCnOl5/YZaFUstgTPecFiezh+pcCNByqmMFYtkQin2j6j9r55xrOFOgO5BOyTFvoPWDs42tsN+7vhhxe9/df147aJHqLH6CkK0Uu0j96iATpEGJ2jX+g3+tMZdb51zjvfF+j6Wj3mAWq0z o9/Yq8atA==</latexit><latexit sha1_base64="8kDgxqaVIhOSd+4ls2wRgcIPufo=">AAAF23icdZRNb9MwGMe9scIobxscuQTKJCSk0UxIcJzgwmGCI rEXqamqJ47TRrMdYzuFkvnEbeLKma/AFb4J3wY7zbrGGa5qPX3+P/9tP3YdC5op3e//XVu/ttG5fmPzZvfW7Tt3721t3z9SeSExOcQ5zeVJDIrQjJNDnWlKToQkwGJKjuPTN04/nhGpspx/1HNBRgwmPEszDNqmxltPosqjjGlBTBAxWR4cmHEZyWlunrmf7w7em/FWr7 /br1rQDsI66KG6DcbbGz+jJMcFI1xjCkoNw77QoxKkzjAlphsVigjApzAhQxtyYESNymopJtixmSRIc2m/XAdVdnVECUypOYstyUBPla+55FXasNDpq1GZcVFowvFiorSggc4DV5sgySTBms5tAFhmdq0BnoIErG0Fu92d1XkEUFtCnptmmhSUyBnzsm4pAr76sPjiNqh Mtxtx8hnnjAFPyihlygzDUVn2QhM9cp/npkVQD6mgJsWwsZ2dGgP1DJisJcl8ZXA5qBwY3zMmxnWTjJfkU1FdImOCJkMcQ2z0XyImsGLDQUqYX2EDS59LpMnkM+M6It3993YirCSIFF46ca4JTCZEegpf8Srtoj3Vyam9DFX5m6Qp91rL594AfkF5pagPMopTd5j+rDGF Sj9bAmctQjQdxvW225xvdUG2LBf3L4pzmrg/Wk4r3IeW8zaxy/m9witX+EwJCnOl5/YZaFUstgTPecFiezh+pcCNByqmMFYtkQin2j6j9r55xrOFOgO5BOyTFvoPWDs42tsN+7vhhxe9/df147aJHqLH6CkK0Uu0j96iATpEGJ2jX+g3+tMZdb51zjvfF+j6Wj3mAWq0z o9/Yq8atA==</latexit><latexit sha1_base64="8kDgxqaVIhOSd+4ls2wRgcIPufo=">AAAF23icdZRNb9MwGMe9scIobxscuQTKJCSk0UxIcJzgwmGCI rEXqamqJ47TRrMdYzuFkvnEbeLKma/AFb4J3wY7zbrGGa5qPX3+P/9tP3YdC5op3e//XVu/ttG5fmPzZvfW7Tt3721t3z9SeSExOcQ5zeVJDIrQjJNDnWlKToQkwGJKjuPTN04/nhGpspx/1HNBRgwmPEszDNqmxltPosqjjGlBTBAxWR4cmHEZyWlunrmf7w7em/FWr7 /br1rQDsI66KG6DcbbGz+jJMcFI1xjCkoNw77QoxKkzjAlphsVigjApzAhQxtyYESNymopJtixmSRIc2m/XAdVdnVECUypOYstyUBPla+55FXasNDpq1GZcVFowvFiorSggc4DV5sgySTBms5tAFhmdq0BnoIErG0Fu92d1XkEUFtCnptmmhSUyBnzsm4pAr76sPjiNqh Mtxtx8hnnjAFPyihlygzDUVn2QhM9cp/npkVQD6mgJsWwsZ2dGgP1DJisJcl8ZXA5qBwY3zMmxnWTjJfkU1FdImOCJkMcQ2z0XyImsGLDQUqYX2EDS59LpMnkM+M6It3993YirCSIFF46ca4JTCZEegpf8Srtoj3Vyam9DFX5m6Qp91rL594AfkF5pagPMopTd5j+rDGF Sj9bAmctQjQdxvW225xvdUG2LBf3L4pzmrg/Wk4r3IeW8zaxy/m9witX+EwJCnOl5/YZaFUstgTPecFiezh+pcCNByqmMFYtkQin2j6j9r55xrOFOgO5BOyTFvoPWDs42tsN+7vhhxe9/df147aJHqLH6CkK0Uu0j96iATpEGJ2jX+g3+tMZdb51zjvfF+j6Wj3mAWq0z o9/Yq8atA==</latexit> (groomed)
Figure 5. Groomed jet mass distributions multiplied by ρ in the full range of ρ for a
quark-initiated jet [Fig. 5-(a)] and a gluon-initiated jet [Fig. 5-(b)] with pJT = 1 TeV and R =
0.4. Here black solid (dashed) lines are the groomed jet mass distributions at the accuracy of
NLLG + NLO (NLLG+NG + NLO). Red solid (dashed) lines are the plain jet mass distributions at
the accuracy of NLLG + NLO (NLLG+NG + NLO). Blue dot-dashed lines denote the groomed jet mass
distributions with resummation of only ln ρ at LL accuracy.
yc ∼ O(1). Comparing them to the default results (black thick lines in Fig. 4), we see large
deviations, which indicate that the resummation of ln yc give rise to a significant enhancement
in the peak region. The enhancement from resumming on ln yc is persistent from the midrange
region to the peak region.
In Fig. 5 we finally show the groomed jet mass distributions (multiplied by ρ) in the full
range of ρ. Here black solid (dashed) lines are fully resummed results for small ρ and yc at NLL
accuracy without (with) NGL effects, and they are illustrated by combining the tail (ρ yc),
midrange (ρ ∼ yc) and the peak regions (ρ  yc). Here the distributions for the tail region
are the same as the plain jet mass distributions without resummation.
In combining the groomed jet mass distributions in three different regions, we interpolate
around ρ ∼ 0.08 (ρ ∼ 0.12) for smooth connection between the distributions in the midrange
and the peak (tail) regions.5 Compared with the groomed distributions only with the resum-
mation on ln ρ (blue dot-dashed lines in Fig. 5), we observe that the resummation of the large
logarithm ln yc yields a significant enhancement through all the regions.
The red solid (dashed) lines in Fig. 5 are the plain jet mass distributions at the accuracy
of NLL+NLO without (with) the NGL effects. Compared with the fully resummed groomed
distributions, we see that the NGL effects are quite suppressed by the grooming process. Also,
especially for the quark-initiated jet, we see that the jet mass distribution for ρ ∼ [10−3, 0.1] is
affected by the grooming. However, for the gluon-initiated jet, the grooming is not so effective.
The gluon jet distributions are usually broad and have a relatively thick tail region. Hence the
grooming parameter yc = 0.1 might not be large enough to suppress multiple (collinear-)soft
gluon radiations.
5The interpolation points are somewhat arbitrary. For example, if we try interpolation around ρ ∼ 0.06
instead of ρ ∼ 0.08, the shapes of the combined distributions vary slightly giving some uncertainties, which need
to be fixed by experimental measurements.
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7 Conclusion
We have investigated the factorization of the groomed jet mass distribution in a wide range of
the jet mass in the effective-theory approach. There are distinct modes in the tail, midrange,
and peak regions contributing to each factorized part. In the tail region, the collinear modes
are enough to describe the groomed jet function, which coincides with the ungroomed jet
function. In the midrange region with small jet mass, we need the ultracollinear and csoft
modes additionally. In the peak region with very small jet mass, the ucsoft modes are also
required. We apply the effective theories appropriate in these regions to obtain the factorized
groomed jet mass distributions and resum the large logarithms on ρ and/or yc. By combining
all the results, we are able to have a bird’s-eye view of the groomed jet mass distribution over
the whole range of the jet mass.
The main issue is to implement the grooming procedure in theoretical calculations system-
atically. We have focused on how to treat the remaining particles, especially a single particle
in a jet when those particles which fail the grooming criterion are removed from the jet. The
grooming, rather than the tagging, is chosen such that the remaining particles contribute to
the groomed jet mass even when the grooming criterion is not satisfied. This prescribes the
theoretical computation at NLO. When the criterion fails, the remaining single particle con-
tributes to the δ(M2J ) part, which includes the IR divergence in real emissions. However, it is
cancelled by the virtual corrections, which also contribute to the δ(M2J ) part. Therefore the
groomed jet mass distribution is IR safe and starts from α0s. We focus on the theoretical issues
here, and a detailed phenomenological analysis following the experimental setup closely, along
with the inclusion of the nonperturbative effects will be considered in future work.
In Ref. [24], the factorization for groomed jet substructure was considered at NNLL accu-
racy. They focus on the factorization of the hemisphere jet mass distributions, in which the
detailed ingredients of the factorizations are different. But the line of reasoning leading to the
factorization is similar to the factorization in the peak region in our paper. In Refs. [25, 26], a
phenomenological analysis is performed on the groomed jet mass distributions in mMDT and
soft drop in QCD with the estimation of nonperturbative effects. The approach of Ref. [27] is
closely related to our analysis of the peak region.
The important features of our paper compared to previous literature are the following:
First, we elaborate on how to implement grooming theoretically in the effective-theory ap-
proach. Different modes are identified with different momentum scaling, and the overlap
regions between different modes are disentangled using the zero-bin subtraction. The UV and
IR divergences are carefully treated to see if they are separated. After nontrivial computation
and consistency check, we find that the grooming procedure yields IR-safe factorized parts,
while the tagging procedure does not at NLO. Using grooming, all the factorized parts are IR
finite, and we can apply the RG equations to each of them to resum large logarithms. We here
emphasize again that the IR safety or, at least no mixture of IR and UV divergences (as in the
case of the parton distribution functions) is the essential requirement to construct and solve
the RG equations.
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Second, in order to scan all the possible range of the jet mass, we include the midrange
region with ρ ∼ yc  1. It is located between the peak and the tail regions. In this region,
the ultracollinear, csoft and collinear modes give factorized contributions, which are different
from those in other regions. The new results of the factorized groomed jet mass distribution
using mMDT and soft drop are presented, and it turns out that the resummation on ln yc,
as well as ln ρ, gives appreciable enhancements which persists in the peak region. In the
numerical analysis, the effect of the resummation on ln ρ and ln yc is appreciable though we
put yc = 0.1. This enhances the groomed jet mass distribution by about 50 – 80% compared
to the result without resummation on ln yc. And nonglobal logarithms are negligible, which is
the characteristic of mMDT and soft drop.
The study of jet substructure has become a mature subject along with the concurrent
experimental analysis. The jet substructure can be investigated in various observables other
than the jet mass distribution. They can be probed using higher-order contributions, which
include nonglobal and clustering logarithms, or considering the behavior of the signal jets. The
analytical comparison of the jet structure between the QCD jets and the signal jets will be a
cornerstone to discover new physics through the study of jets. These features will be explored
in future work, based on the approaches presented in this paper.
A List of all the functions in the groomed mass distribution functions
Here we list all the functions, which appear in the text. Throughout this section, y denotes
the grooming parameter yc. Also all the results in this section can be applied to the case of
the soft drop with β = 0 when yc is replaced with zcut/(1− zcut).
The functions Iq(y) and Ig(y) in Eq. (3.7) are given by
Iq(y) = ln
2 y +
3
2
ln y +
3(1− y)
1 + y
− 2 ln y ln(1 + y) + 2Li2
( y
1 + y
)
− 2Li2
( 1
1 + y
)
,
Ig(y) = ln
2 y +
11
6
ln y +
1− y
18(1 + y)3
(67 + 130y + 67y2)− 2 ln y ln(1 + y) (A.1)
+2Li2
( y
1 + y
)
− 2Li2
( 1
1 + y
)
+
TRnf
CA
[
−1
3
ln y − 1− y
18(1 + y)3
(13 + 22y + 13y2)
]
.
In the limit of small y, they become
Iq(y) → ln2 y + 3
2
ln y + 3− pi
2
3
,
Ig(y) → ln2 y + 11
6
ln y +
67
18
− pi
2
3
+
TRnf
CA
(
−1
3
ln y − 13
18
)
. (A.2)
The functions fq(w) and fg(w) are given as
fq(w) = −3
2
w + 2 ln
1 + w
1− w,
fg(w) = − w
12
(21 + w2) + 2 ln
1 + w
1− w +
TRnf
CA
w
12
(3 + w2). (A.3)
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The functions gq(y) and gg(y) are given as
gq(y) =
3
2
− 3
1 + y
− 2 ln y,
gg(y) = − 1− y
6(1 + y)3
(11 + 20y + 11y2)− 2 ln y
)
+
TRnf
CA
1− y3
3(1 + y)3
. (A.4)
In the limit y → 0, they approach
gq(y)→ −2 ln y − 3
2
, gg(y)→ −2 ln y − 11
6
+
1
3
TRnf
CA
. (A.5)
The functions hq(y) and hg(y) shown in Eqs. (3.5) and (4.6) are given as
hq(y) = −7
2
1− y
1 + y
+ ln2 y − 2 ln y ln(1 + y)− 3y
1 + y
ln y − 3(1− y)
1 + y
ln(1 + y)
+2Li2
( 1
1 + y
)
− 2Li2
( y
1 + y
)
,
hg(y) = − 1− y
18(1 + y)3
(67 + 30y + 67y2) + ln2 y − 2 ln y ln(1 + y)
− y
3(1 + y)3
(12 + 21y + 11y2) ln y − 1− y
3(1 + y)3
(11 + 20y + 11y2) ln(1 + y)
+2Li2
( 1
1 + y
)
− 2Li2
( y
1 + y
)
+
TRnf
CA
[ y
3(1 + y)3
(3 + 3y + 2y2) ln y +
1− y3
9(1 + y)3
(
5 + 6 ln(1 + y)
)]
, (A.6)
and their limiting forms for small y are given as
hq(y)→ −7
2
+
pi2
3
+ ln2 y, hg(y)→ −67
18
+
pi2
3
+ ln2 y +
5
9
TRnf
CA
. (A.7)
B Conversion of the Λ-distribution to the standard plus distribution
The jet mass distributions and its factorized functions such as the standard jet function and
the csoft and ucsoft functions with the Λ-distribution can be expressed in terms of the standard
plus functions. Let us define the dimensionless jet mass variable ρ = M2J/Q
2, where Q = pJTR.
Then the following Λ-distribution with a given function g(M2J ) can be written as[
g(M2J )
]
Λ2
= g(M2J )− δ(M2J )
[∫ Λ2
0
dM2g(M2)
]
=
gˆ(ρ)
Q2
− δ(ρ)
Q2
[∫ Λ2/Q2
0
dρ′g(ρ′)
]
. (B.1)
Therefore if we define the dimensionless function, gˆ(ρ) = Q2g(M2J ), the distribution reads
Q2
[
g(M2J )
]
Λ2
= gˆ(ρ)− δ(ρ)
[∫ 1
0
dρ′gˆ(ρ′)−
∫ 1
Λ2/Q2
dρ′gˆ(ρ′)
]
=
[
gˆ(ρ)
]
+
+ δ(ρ)
[∫ 1
Λ2/Q2
dρ′gˆ(ρ′)
]
. (B.2)
For example, the following Λ-distributions can be rewritten as
Q2
[ 1
M2J
]
Λ2
=
1
ρ+
− δ(ρ) ln Λ
2
Q2
,
Q2
[ 1
M2J
ln
µ2
M2J
]
Λ2
=
1
ρ+
ln
µ2
Q2
−
( ln ρ
ρ
)
+
+ δ(ρ)
(
ln
Λ2
Q2
ln
µ2
Q2
− 1
2
ln2
Λ2
Q2
)
. (B.3)
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C NLO calculations of C˜k and SIIk with the zero-bin subtraction
The collinear contribution C˜k(Q2, µ) in the limit ρ yc ∼ O(1) can be computed by considering
the phase spaces, as shown in Fig. 6. The collinear emission cannot satisfy the mMDT criterion,
otherwise ρ becomes O(1). Therefore it cannot contribute to the nonzero jet mass directly.
In the first row in Fig. 6, the figure on the left-hand side shows the possible phase space for
the collinear emission along with the virtual corrections. The figure on the right-hand side is
the zero-bin subtraction, in which the ultracollinear modes contribute. Since the ultracollinear
modes do not recognize the boundary of the ungroomed jet (the parabola), the phase space
extends to infinity for M2. Since the virtual corrections in the collinear and the zero-bin
contributions are the same, they cancel through the subtraction and the available phase space
is presented in the second row in Fig. 6.
The second figure in the second row yields the integrated jet function since it corresponds
to the real emission under the parabola with the virtual correction. Finally, with the normal-
ization dividing by Jk, the collinear contribution with the zero-bin subtraction to NLO is given
z
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zmax
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<latexit sha1_base 64="+3lTh/K81L+pJX8inNRtA9MYrqA=">AA AFx3icdZTdbtMwFMe9scIoXx1cchOoJg0hjW ZCghukCW6AqyKxD6kp1YnjttFsx9hOWMl8w XsgcQXvxNtgp1nXOMNVraPz//kc+/jEsaCp0 oPB343NG1udm7e2b3fv3L13/0Fv5+GxynKJy RHOaCZPY1CEppwc6VRTciokARZTchKfvXP6S UGkSjP+WS8EGTOY8XSaYtDWNen13kQMlx/N 5OxLuRc+M88nvf5gf1CNoG2EtdFH9RhOdrZ+ RUmGc0a4xhSUGoUDocclSJ1iSkw3yhURgM9g RkbW5MCIGpfV1k2waz1JMM2k/XMdVN71FSU wpRYstiQDPVe+5pzXaaNcT1+Py5SLXBOOl4m mOQ10Frg6BEkqCdZ0YQ3AMrV7DfAcJGBtq9X t7q7nEUBtuXhmmm6SUyIL5nndVgR892Fx7g6 oTLcbcfINZ4wBT8poypQZheOy7IcmeuJ+L0 yLoB5SQU2KYWMnmxoD9QIwWUuS+crwalE5NH 7MmBg3zVJekq951TDGBE2GOIZY679ETGAtDA cpYXFNGFjFuUKaTFYYNxHpet07ibCSIFJ47 sRFTWA2I9JT+Fqs0m7aU508tc1Qlb9JmvKgt X3uLeCXlFeK+iKjeOou088aU6j0ixVw0SJEM 8KkPnab80Ndkq2Qy/6L4owm7kPLaIX70CpvE 7vK7xVeucKnSlBYKL2wz0CrYrEleMZzFtvL 8SsFbj1QMYeJaolEONXOKbX95gUulmoBcgXY Jy30H7C2cXywHw72w08v+4dv68dtGz1GT9Ee CtErdIjeoyE6QhgV6Cf6jf50PnSyTtE5X6K bG/WaR6gxOj/+AXHDERs=</latexit><latexit sha1_base 64="+3lTh/K81L+pJX8inNRtA9MYrqA=">AA AFx3icdZTdbtMwFMe9scIoXx1cchOoJg0hjW ZCghukCW6AqyKxD6kp1YnjttFsx9hOWMl8w XsgcQXvxNtgp1nXOMNVraPz//kc+/jEsaCp0 oPB343NG1udm7e2b3fv3L13/0Fv5+GxynKJy RHOaCZPY1CEppwc6VRTciokARZTchKfvXP6S UGkSjP+WS8EGTOY8XSaYtDWNen13kQMlx/N 5OxLuRc+M88nvf5gf1CNoG2EtdFH9RhOdrZ+ RUmGc0a4xhSUGoUDocclSJ1iSkw3yhURgM9g RkbW5MCIGpfV1k2waz1JMM2k/XMdVN71FSU wpRYstiQDPVe+5pzXaaNcT1+Py5SLXBOOl4m mOQ10Frg6BEkqCdZ0YQ3AMrV7DfAcJGBtq9X t7q7nEUBtuXhmmm6SUyIL5nndVgR892Fx7g6 oTLcbcfINZ4wBT8poypQZheOy7IcmeuJ+L0 yLoB5SQU2KYWMnmxoD9QIwWUuS+crwalE5NH 7MmBg3zVJekq951TDGBE2GOIZY679ETGAtDA cpYXFNGFjFuUKaTFYYNxHpet07ibCSIFJ47 sRFTWA2I9JT+Fqs0m7aU508tc1Qlb9JmvKgt X3uLeCXlFeK+iKjeOou088aU6j0ixVw0SJEM 8KkPnab80Ndkq2Qy/6L4owm7kPLaIX70CpvE 7vK7xVeucKnSlBYKL2wz0CrYrEleMZzFtvL 8SsFbj1QMYeJaolEONXOKbX95gUulmoBcgXY Jy30H7C2cXywHw72w08v+4dv68dtGz1GT9Ee CtErdIjeoyE6QhgV6Cf6jf50PnSyTtE5X6K bG/WaR6gxOj/+AXHDERs=</latexit><latexit sha1_base 64="+3lTh/K81L+pJX8inNRtA9MYrqA=">AA AFx3icdZTdbtMwFMe9scIoXx1cchOoJg0hjW ZCghukCW6AqyKxD6kp1YnjttFsx9hOWMl8w XsgcQXvxNtgp1nXOMNVraPz//kc+/jEsaCp0 oPB343NG1udm7e2b3fv3L13/0Fv5+GxynKJy RHOaCZPY1CEppwc6VRTciokARZTchKfvXP6S UGkSjP+WS8EGTOY8XSaYtDWNen13kQMlx/N 5OxLuRc+M88nvf5gf1CNoG2EtdFH9RhOdrZ+ RUmGc0a4xhSUGoUDocclSJ1iSkw3yhURgM9g RkbW5MCIGpfV1k2waz1JMM2k/XMdVN71FSU wpRYstiQDPVe+5pzXaaNcT1+Py5SLXBOOl4m mOQ10Frg6BEkqCdZ0YQ3AMrV7DfAcJGBtq9X t7q7nEUBtuXhmmm6SUyIL5nndVgR892Fx7g6 oTLcbcfINZ4wBT8poypQZheOy7IcmeuJ+L0 yLoB5SQU2KYWMnmxoD9QIwWUuS+crwalE5NH 7MmBg3zVJekq951TDGBE2GOIZY679ETGAtDA cpYXFNGFjFuUKaTFYYNxHpet07ibCSIFJ47 sRFTWA2I9JT+Fqs0m7aU508tc1Qlb9JmvKgt X3uLeCXlFeK+iKjeOou088aU6j0ixVw0SJEM 8KkPnab80Ndkq2Qy/6L4owm7kPLaIX70CpvE 7vK7xVeucKnSlBYKL2wz0CrYrEleMZzFtvL 8SsFbj1QMYeJaolEONXOKbX95gUulmoBcgXY Jy30H7C2cXywHw72w08v+4dv68dtGz1GT9Ee CtErdIjeoyE6QhgV6Cf6jf50PnSyTtE5X6K bG/WaR6gxOj/+AXHDERs=</latexit><latexit sha1_base 64="+3lTh/K81L+pJX8inNRtA9MYrqA=">AA AFx3icdZTdbtMwFMe9scIoXx1cchOoJg0hjW ZCghukCW6AqyKxD6kp1YnjttFsx9hOWMl8w XsgcQXvxNtgp1nXOMNVraPz//kc+/jEsaCp0 oPB343NG1udm7e2b3fv3L13/0Fv5+GxynKJy RHOaCZPY1CEppwc6VRTciokARZTchKfvXP6S UGkSjP+WS8EGTOY8XSaYtDWNen13kQMlx/N 5OxLuRc+M88nvf5gf1CNoG2EtdFH9RhOdrZ+ RUmGc0a4xhSUGoUDocclSJ1iSkw3yhURgM9g RkbW5MCIGpfV1k2waz1JMM2k/XMdVN71FSU wpRYstiQDPVe+5pzXaaNcT1+Py5SLXBOOl4m mOQ10Frg6BEkqCdZ0YQ3AMrV7DfAcJGBtq9X t7q7nEUBtuXhmmm6SUyIL5nndVgR892Fx7g6 oTLcbcfINZ4wBT8poypQZheOy7IcmeuJ+L0 yLoB5SQU2KYWMnmxoD9QIwWUuS+crwalE5NH 7MmBg3zVJekq951TDGBE2GOIZY679ETGAtDA cpYXFNGFjFuUKaTFYYNxHpet07ibCSIFJ47 sRFTWA2I9JT+Fqs0m7aU508tc1Qlb9JmvKgt X3uLeCXlFeK+iKjeOou088aU6j0ixVw0SJEM 8KkPnab80Ndkq2Qy/6L4owm7kPLaIX70CpvE 7vK7xVeucKnSlBYKL2wz0CrYrEleMZzFtvL 8SsFbj1QMYeJaolEONXOKbX95gUulmoBcgXY Jy30H7C2cXywHw72w08v+4dv68dtGz1GT9Ee CtErdIjeoyE6QhgV6Cf6jf50PnSyTtE5X6K bG/WaR6gxOj/+AXHDERs=</latexit>
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<latexit sha1_base64="ocOwpwLRuhdiHmNFMHKwZlWnA/Y=">AAAFz3icdZTPb9MwFMe9scIovza4IHEJVJM4jWZCguPELhw7iW 6Tmqp6cZwu1HaM7XSUzBNX/gouXOH/4b/BTrOucYajWE/v+/F79vOPWNBM6X7/78bmna3O3Xvb97sPHj56/GRn9+mJyguJyRDnNJdnMShCM06GOtOUnAlJgMWUnMazI6efzolUWc4/6YUgYwZTnqUZBm1dk53nUSoBlxGo4GgyM+VBJDITfJ7MJju9/n6/akHbCGujh+o2 mOxu/YySHBeMcI0pKDUK+0KPS5A6w5SYblQoIgDPYEpG1uTAiBqX1RJMsGc9SZDm0v5cB5V3fUQJTKkFiy3JQJ8rX3PO27RRodP34zLjotCE42WitKCBzgNXjyDJJMGaLqwBWGZ2rgE+B1sTbavW7e6t5xFAbdl4bppuUlAi58zzuqkI+ObD4qtboDLdbsTJBc4ZA56UUc qUGYXjsuyFJnrpvjemRVAPqaAmxbCxnU2NgXoBmKwlyXxlcDOoHBg/ZkyM66YZL8mXojo4xgRNhjiGWOu/RExgLQwHKWFxSxhYxblBmkw+N64j0p15byXCSoJI4bkTFzWB6ZRIT+FrsUo7aU918vKC2PI3SXtXWtPn3gB+TXmlqDcyilO3mX7WmEKlX66AyxYhmhEm9bLb nB/qmmyFXJ6/KM5p4i5aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhujl8pcOOBinOYqJZIhFNtn1F73rzA86U6B7kC7JMW+g9Y2zg52A/7++Hx297hh/px20Yv0Cv0GoXoHTpEH9EADRFGV+gX+o3+dI47F52rzvclurlRj3mGGq3z4x/A4hTz</latexit><latexit sha1_base64="ocOwpwLRuhdiHmNFMHKwZlWnA/Y=">AAAFz3icdZTPb9MwFMe9scIovza4IHEJVJM4jWZCguPELhw7iW 6Tmqp6cZwu1HaM7XSUzBNX/gouXOH/4b/BTrOucYajWE/v+/F79vOPWNBM6X7/78bmna3O3Xvb97sPHj56/GRn9+mJyguJyRDnNJdnMShCM06GOtOUnAlJgMWUnMazI6efzolUWc4/6YUgYwZTnqUZBm1dk53nUSoBlxGo4GgyM+VBJDITfJ7MJju9/n6/akHbCGujh+o2 mOxu/YySHBeMcI0pKDUK+0KPS5A6w5SYblQoIgDPYEpG1uTAiBqX1RJMsGc9SZDm0v5cB5V3fUQJTKkFiy3JQJ8rX3PO27RRodP34zLjotCE42WitKCBzgNXjyDJJMGaLqwBWGZ2rgE+B1sTbavW7e6t5xFAbdl4bppuUlAi58zzuqkI+ObD4qtboDLdbsTJBc4ZA56UUc qUGYXjsuyFJnrpvjemRVAPqaAmxbCxnU2NgXoBmKwlyXxlcDOoHBg/ZkyM66YZL8mXojo4xgRNhjiGWOu/RExgLQwHKWFxSxhYxblBmkw+N64j0p15byXCSoJI4bkTFzWB6ZRIT+FrsUo7aU918vKC2PI3SXtXWtPn3gB+TXmlqDcyilO3mX7WmEKlX66AyxYhmhEm9bLb nB/qmmyFXJ6/KM5p4i5aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhujl8pcOOBinOYqJZIhFNtn1F73rzA86U6B7kC7JMW+g9Y2zg52A/7++Hx297hh/px20Yv0Cv0GoXoHTpEH9EADRFGV+gX+o3+dI47F52rzvclurlRj3mGGq3z4x/A4hTz</latexit><latexit sha1_base64="ocOwpwLRuhdiHmNFMHKwZlWnA/Y=">AAAFz3icdZTPb9MwFMe9scIovza4IHEJVJM4jWZCguPELhw7iW 6Tmqp6cZwu1HaM7XSUzBNX/gouXOH/4b/BTrOucYajWE/v+/F79vOPWNBM6X7/78bmna3O3Xvb97sPHj56/GRn9+mJyguJyRDnNJdnMShCM06GOtOUnAlJgMWUnMazI6efzolUWc4/6YUgYwZTnqUZBm1dk53nUSoBlxGo4GgyM+VBJDITfJ7MJju9/n6/akHbCGujh+o2 mOxu/YySHBeMcI0pKDUK+0KPS5A6w5SYblQoIgDPYEpG1uTAiBqX1RJMsGc9SZDm0v5cB5V3fUQJTKkFiy3JQJ8rX3PO27RRodP34zLjotCE42WitKCBzgNXjyDJJMGaLqwBWGZ2rgE+B1sTbavW7e6t5xFAbdl4bppuUlAi58zzuqkI+ObD4qtboDLdbsTJBc4ZA56UUc qUGYXjsuyFJnrpvjemRVAPqaAmxbCxnU2NgXoBmKwlyXxlcDOoHBg/ZkyM66YZL8mXojo4xgRNhjiGWOu/RExgLQwHKWFxSxhYxblBmkw+N64j0p15byXCSoJI4bkTFzWB6ZRIT+FrsUo7aU918vKC2PI3SXtXWtPn3gB+TXmlqDcyilO3mX7WmEKlX66AyxYhmhEm9bLb nB/qmmyFXJ6/KM5p4i5aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhujl8pcOOBinOYqJZIhFNtn1F73rzA86U6B7kC7JMW+g9Y2zg52A/7++Hx297hh/px20Yv0Cv0GoXoHTpEH9EADRFGV+gX+o3+dI47F52rzvclurlRj3mGGq3z4x/A4hTz</latexit><latexit sha1_base64="ocOwpwLRuhdiHmNFMHKwZlWnA/Y=">AAAFz3icdZTPb9MwFMe9scIovza4IHEJVJM4jWZCguPELhw7iW 6Tmqp6cZwu1HaM7XSUzBNX/gouXOH/4b/BTrOucYajWE/v+/F79vOPWNBM6X7/78bmna3O3Xvb97sPHj56/GRn9+mJyguJyRDnNJdnMShCM06GOtOUnAlJgMWUnMazI6efzolUWc4/6YUgYwZTnqUZBm1dk53nUSoBlxGo4GgyM+VBJDITfJ7MJju9/n6/akHbCGujh+o2 mOxu/YySHBeMcI0pKDUK+0KPS5A6w5SYblQoIgDPYEpG1uTAiBqX1RJMsGc9SZDm0v5cB5V3fUQJTKkFiy3JQJ8rX3PO27RRodP34zLjotCE42WitKCBzgNXjyDJJMGaLqwBWGZ2rgE+B1sTbavW7e6t5xFAbdl4bppuUlAi58zzuqkI+ObD4qtboDLdbsTJBc4ZA56UUc qUGYXjsuyFJnrpvjemRVAPqaAmxbCxnU2NgXoBmKwlyXxlcDOoHBg/ZkyM66YZL8mXojo4xgRNhjiGWOu/RExgLQwHKWFxSxhYxblBmkw+N64j0p15byXCSoJI4bkTFzWB6ZRIT+FrsUo7aU918vKC2PI3SXtXWtPn3gB+TXmlqDcyilO3mX7WmEKlX66AyxYhmhEm9bLb nB/qmmyFXJ6/KM5p4i5aTivch1Z5m9hNfq/wyhU+U4LCQumFfQZaFYstwXNesNhujl8pcOOBinOYqJZIhFNtn1F73rzA86U6B7kC7JMW+g9Y2zg52A/7++Hx297hh/px20Yv0Cv0GoXoHTpEH9EADRFGV+gX+o3+dI47F52rzvclurlRj3mGGq3z4x/A4hTz</latexit>
M2c<latexit sha1_base64="+CrtWGcD8sf lx5K7U2XcAbl8288=">AAAFunicdZTPb9MwFMe9scIovzY4cglUkziNZkKCA4cJLl yQikS3SU2pXhyns2Y7xnYKJfPfwBVO/F38N9hp1jXOcFXr6X0/fs9+fnEqGdVmOPy 7tX1rp3f7zu7d/r37Dx4+2tt/fKKLUmEyxgUr1FkKmjAqyNhQw8iZVAR4yshpevHe 66cLojQtxGezlGTKYS5oTjEY5xp/nOEvR7O9wfBwWI+oa8SNMUDNGM32d/4kWYFLT oTBDLSexENpphUoQzEjtp+UmkjAFzAnE2cK4ERPq3q3NjpwnizKC+X+wkS1d3NFBV zrJU8dycGc61Dzzpu0SWnyN9OKClkaIvAqUV6yyBSRP3qUUUWwYUtnAFbU7TXC56A AG1egfv9gM48E5iokCtt2k5IRteCB129Fwo8Qlt/9AbXt9xNBvuGCcxBZleRc20k8 rapBbJNn/vfSdggWIDXUpji2bnKpMbAgAFeNpHiojK4XVSMbxkyJ9dOciop8Leses TZqM8QzxFn/JVICG2EEKAXLG8LAOs410maKhfUTUb69g5NIJ0miZODOfNQM5nOiAk VsxKrcpgPVy7lrhrr8bdJWR53ti2CBuKKCUjQXmaS5v8wwa8qg1i/XwGWHkO0Is+b YXS4MdUV2Qq76L0kLlvkPrWA1HkLrvG3sOn9QeO0LT7VksNRm6Z6BTsVSR4hClDx1 lxNWCvx6YPIcZrojEulVN1Pm+i0IvFipC1BrwD1pcfiAdY2To8N4eBh/ejU4ftc8br voKXqOXqAYvUbH6AMaoTHCiKKf6Bf63XvbS3u0d7FCt7eaNU9Qa/TMPyFPDKM=</l atexit><latexit sha1_base64="+CrtWGcD8sf lx5K7U2XcAbl8288=">AAAFunicdZTPb9MwFMe9scIovzY4cglUkziNZkKCA4cJLl yQikS3SU2pXhyns2Y7xnYKJfPfwBVO/F38N9hp1jXOcFXr6X0/fs9+fnEqGdVmOPy 7tX1rp3f7zu7d/r37Dx4+2tt/fKKLUmEyxgUr1FkKmjAqyNhQw8iZVAR4yshpevHe 66cLojQtxGezlGTKYS5oTjEY5xp/nOEvR7O9wfBwWI+oa8SNMUDNGM32d/4kWYFLT oTBDLSexENpphUoQzEjtp+UmkjAFzAnE2cK4ERPq3q3NjpwnizKC+X+wkS1d3NFBV zrJU8dycGc61Dzzpu0SWnyN9OKClkaIvAqUV6yyBSRP3qUUUWwYUtnAFbU7TXC56A AG1egfv9gM48E5iokCtt2k5IRteCB129Fwo8Qlt/9AbXt9xNBvuGCcxBZleRc20k8 rapBbJNn/vfSdggWIDXUpji2bnKpMbAgAFeNpHiojK4XVSMbxkyJ9dOciop8Leses TZqM8QzxFn/JVICG2EEKAXLG8LAOs410maKhfUTUb69g5NIJ0miZODOfNQM5nOiAk VsxKrcpgPVy7lrhrr8bdJWR53ti2CBuKKCUjQXmaS5v8wwa8qg1i/XwGWHkO0Is+b YXS4MdUV2Qq76L0kLlvkPrWA1HkLrvG3sOn9QeO0LT7VksNRm6Z6BTsVSR4hClDx1 lxNWCvx6YPIcZrojEulVN1Pm+i0IvFipC1BrwD1pcfiAdY2To8N4eBh/ejU4ftc8br voKXqOXqAYvUbH6AMaoTHCiKKf6Bf63XvbS3u0d7FCt7eaNU9Qa/TMPyFPDKM=</l atexit><latexit sha1_base64="+CrtWGcD8sf lx5K7U2XcAbl8288=">AAAFunicdZTPb9MwFMe9scIovzY4cglUkziNZkKCA4cJLl yQikS3SU2pXhyns2Y7xnYKJfPfwBVO/F38N9hp1jXOcFXr6X0/fs9+fnEqGdVmOPy 7tX1rp3f7zu7d/r37Dx4+2tt/fKKLUmEyxgUr1FkKmjAqyNhQw8iZVAR4yshpevHe 66cLojQtxGezlGTKYS5oTjEY5xp/nOEvR7O9wfBwWI+oa8SNMUDNGM32d/4kWYFLT oTBDLSexENpphUoQzEjtp+UmkjAFzAnE2cK4ERPq3q3NjpwnizKC+X+wkS1d3NFBV zrJU8dycGc61Dzzpu0SWnyN9OKClkaIvAqUV6yyBSRP3qUUUWwYUtnAFbU7TXC56A AG1egfv9gM48E5iokCtt2k5IRteCB129Fwo8Qlt/9AbXt9xNBvuGCcxBZleRc20k8 rapBbJNn/vfSdggWIDXUpji2bnKpMbAgAFeNpHiojK4XVSMbxkyJ9dOciop8Leses TZqM8QzxFn/JVICG2EEKAXLG8LAOs410maKhfUTUb69g5NIJ0miZODOfNQM5nOiAk VsxKrcpgPVy7lrhrr8bdJWR53ti2CBuKKCUjQXmaS5v8wwa8qg1i/XwGWHkO0Is+b YXS4MdUV2Qq76L0kLlvkPrWA1HkLrvG3sOn9QeO0LT7VksNRm6Z6BTsVSR4hClDx1 lxNWCvx6YPIcZrojEulVN1Pm+i0IvFipC1BrwD1pcfiAdY2To8N4eBh/ejU4ftc8br voKXqOXqAYvUbH6AMaoTHCiKKf6Bf63XvbS3u0d7FCt7eaNU9Qa/TMPyFPDKM=</l atexit><latexit sha1_base64="+CrtWGcD8sf lx5K7U2XcAbl8288=">AAAFunicdZTPb9MwFMe9scIovzY4cglUkziNZkKCA4cJLl yQikS3SU2pXhyns2Y7xnYKJfPfwBVO/F38N9hp1jXOcFXr6X0/fs9+fnEqGdVmOPy 7tX1rp3f7zu7d/r37Dx4+2tt/fKKLUmEyxgUr1FkKmjAqyNhQw8iZVAR4yshpevHe 66cLojQtxGezlGTKYS5oTjEY5xp/nOEvR7O9wfBwWI+oa8SNMUDNGM32d/4kWYFLT oTBDLSexENpphUoQzEjtp+UmkjAFzAnE2cK4ERPq3q3NjpwnizKC+X+wkS1d3NFBV zrJU8dycGc61Dzzpu0SWnyN9OKClkaIvAqUV6yyBSRP3qUUUWwYUtnAFbU7TXC56A AG1egfv9gM48E5iokCtt2k5IRteCB129Fwo8Qlt/9AbXt9xNBvuGCcxBZleRc20k8 rapBbJNn/vfSdggWIDXUpji2bnKpMbAgAFeNpHiojK4XVSMbxkyJ9dOciop8Leses TZqM8QzxFn/JVICG2EEKAXLG8LAOs410maKhfUTUb69g5NIJ0miZODOfNQM5nOiAk VsxKrcpgPVy7lrhrr8bdJWR53ti2CBuKKCUjQXmaS5v8wwa8qg1i/XwGWHkO0Is+b YXS4MdUV2Qq76L0kLlvkPrWA1HkLrvG3sOn9QeO0LT7VksNRm6Z6BTsVSR4hClDx1 lxNWCvx6YPIcZrojEulVN1Pm+i0IvFipC1BrwD1pcfiAdY2To8N4eBh/ejU4ftc8br voKXqOXqAYvUbH6AMaoTHCiKKf6Bf63XvbS3u0d7FCt7eaNU9Qa/TMPyFPDKM=</l atexit>
Virtual+ Virtual+
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Figure 6. The phase spaces for the collinear contribution in the region ρ  yc ∼ O(1) with the
zero-bin subtraction. The resultant phase space is shown in the second row and it is decomposed into
two parts. The first one yields the integrated jet function since it is the sum of the real contribution
under the parabola with the virtual corrections. It is cancelled by performing the normalization, and
the remaining second one yields the collinear function.
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<latexit sha1_base64="i5UVeGZfIt1AI fRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJCW6QJnaDkJC KxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28YlTyag2/f7ftfU7G52 79zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycSkWAp4ycpBeHXj+ZEaVpLr6 ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/WrEbWNuDZ6qB6D8c7GVZLluOBEGMx A62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM 5mHMdat55mzYszOT9qKRCFoYIvEg0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7u aRwJzhRK5bbpJwYia8cDrtyLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a 2CBYgFdSkOLZucqkxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgI rYQQoBfNbwsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfm bpC33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z5j+ 0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65ZIpFfdTJn rtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0Dh2gT2iAjhBGEv1 GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit><latexit sha1_base64="i5UVeGZfIt1AI fRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJCW6QJnaDkJC KxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28YlTyag2/f7ftfU7G52 79zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycSkWAp4ycpBeHXj+ZEaVpLr6 ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/WrEbWNuDZ6qB6D8c7GVZLluOBEGMx A62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM 5mHMdat55mzYszOT9qKRCFoYIvEg0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7u aRwJzhRK5bbpJwYia8cDrtyLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a 2CBYgFdSkOLZucqkxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgI rYQQoBfNbwsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfm bpC33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z5j+ 0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65ZIpFfdTJn rtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0Dh2gT2iAjhBGEv1 GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit><latexit sha1_base64="i5UVeGZfIt1AI fRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJCW6QJnaDkJC KxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28YlTyag2/f7ftfU7G52 79zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycSkWAp4ycpBeHXj+ZEaVpLr6 ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/WrEbWNuDZ6qB6D8c7GVZLluOBEGMx A62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM 5mHMdat55mzYszOT9qKRCFoYIvEg0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7u aRwJzhRK5bbpJwYia8cDrtyLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a 2CBYgFdSkOLZucqkxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgI rYQQoBfNbwsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfm bpC33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z5j+ 0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65ZIpFfdTJn rtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0Dh2gT2iAjhBGEv1 GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit><latexit sha1_base64="i5UVeGZfIt1AI fRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJCW6QJnaDkJC KxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28YlTyag2/f7ftfU7G52 79zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycSkWAp4ycpBeHXj+ZEaVpLr6 ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/WrEbWNuDZ6qB6D8c7GVZLluOBEGMx A62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM 5mHMdat55mzYszOT9qKRCFoYIvEg0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7u aRwJzhRK5bbpJwYia8cDrtyLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a 2CBYgFdSkOLZucqkxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgI rYQQoBfNbwsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfm bpC33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z5j+ 0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65ZIpFfdTJn rtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0Dh2gT2iAjhBGEv1 GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit>
M2 = p+J k+R
02/4
<latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbt MwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6LJc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xO QQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0 OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+XPtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nE UBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/ iYjAUhgOUsLshjCwiHONNJlsWtqJSNvvzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+ C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12g ffUBDdIgwukC/0G/0p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit><latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbt MwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6LJc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xO QQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0 OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+XPtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nE UBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/ iYjAUhgOUsLshjCwiHONNJlsWtqJSNvvzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+ C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12g ffUBDdIgwukC/0G/0p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit><latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbt MwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6LJc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xO QQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0 OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+XPtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nE UBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/ iYjAUhgOUsLshjCwiHONNJlsWtqJSNvvzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+ C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12g ffUBDdIgwukC/0G/0p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit><latexit sha1_base64="7+4hcsoZxv0EDILJOa/8rVjLuPA=">AAAFy3icdZTdbt MwFMe9scIoXxtwx02gmkCatDXVJLhBmuAGIU0qiH1ITRedOE4XzXaM7RS6LJc8B9zCG/E22GnWNc5wVevo/H8+xz4+cSRoqnS//3dl9dZa5/ad9bvde/cfPHy0sfn4SGW5xO QQZzSTJxEoQlNODnWqKTkRkgCLKDmOzt9b/XhKpEoz/kXPBBkzmPA0STFo4wo3nh6cDt6K8OPptncebnufX54OdvfCjV5/p18Nr234tdFD9RiGm2s/gzjDOSNcYwpKjfy+0 OMCpE4xJWU3yBURgM9hQkbG5MCIGhfV9ktvy3hiL8mk+XPtVd7lFQUwpWYsMiQDfaZczTpv0ka5Tt6Mi5SLXBOO54mSnHo682wtvDiVBGs6MwZgmZq9evgMJGBtKtbtbi3nE UBNyXhWNt0kp0ROmeO1WxFw4cLiuz2gKrvdgJNvOGMMeFwECVPlyB8XRc8vg+f2t1u2COogFdSkGC7NZFJjoE4AJmtJMlcZXi8qhqUbMyKlnSYpL8jXvGqasvSaDLEMMdZ/ iYjAUhgOUsLshjCwiHONNJlsWtqJSNvvzkmEkQSRwnHHNmoMkwmRjsKXYhVm045q5cQ0Q1X+JlkWg9b2ubOAX1FOKeqLDKLEXqabNaJQ6ZcL4LJFiGaEsD52m3NDXZGtkPP+ C6KMxvZDy2iFu9AibxO7zu8UXtnCp0pQmCk9M89Aq2KRIXjGcxaZy3ErBXY9UHEGoWqJRFjVzCk1/eYEns7VKcgFYJ40333A2sbRYMfv7/if9nr77+rHbR09Qy/QK+Sj12g ffUBDdIgwukC/0G/0p3PQUZ2LzuUcXV2p1zxBjdH58Q+RDhEo</latexit>
ycp
+
J
<latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb 9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5A gLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMD nMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK 1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUN YWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0 BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCG HE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQOKQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb 9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5A gLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMD nMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK 1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUN YWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0 BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCG HE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQOKQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb 9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5A gLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMD nMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK 1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUN YWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0 BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCG HE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQOKQ==</latexit><latexit sha1_base64="I9EnJukUEtKjOJANFw1Y7KP67TQ=">AAAFvnicdZRbb 9MwFMe9scIotw0eeQlUk5CQRjMhweMEL4inIrELakp14jpdNN+wnbKQ+VPwCuJz8W2w06xrnOGq1tH5/3yOfXziVNJcm+Hw78bmra3e7Tvbd/v37j94+Ghn9/GxFoXC5A gLKtRpCprQnJMjkxtKTqUiwFJKTtLz914/WRClc8E/m1KSCYM5z7Mcg3GuL+UUR3L68evL6c5guD+sR9Q14sYYoGaMprtbf5KZwAUj3GAKWo/joTSTCpTJMSW2nxSaSMD nMCdjZ3JgRE+qesc22nOeWZQJ5f7cRLV3fUUFTOuSpY5kYM50qHnnTdq4MNnbSZVzWRjC8TJRVtDIiMgfP5rlimBDS2cAVrnba4TPQAE2rkj9/t56HgnUVYkL23aTghK 1YIHXb0XCjxCWF/6A2vb7CSffsWAM+KxKMqbtOJ5U1SC2yTP/e2U7BA2QGmpTDFs3udQYaBCAqUZSLFRG14uqkQ1jpsT6aZ7zinwr6j6xNmozxDPEWf8lUgJrYTgoBeUN YWAV5xppM2Jh/USUb/HgJNJJkigZuGc+6gzmc6ICha/FqtymA9XLmWuGuvxt0lYHne3zYAG/ooJSNBeZpJm/zDBrSqHWL1fAZYeQ7QjT5thdLgx1RXZCLvsvSQWd+Q9N0 BoPoVXeNnadPyi89oXPtaRQalO6Z6BTsdQRXPCCpe5ywkqBXw9UnsFUd0QivermnLp+CwIvluoC1ApwT1ocPmBd4/hgPx7ux59eDw7fNY/bNnqKnqMXKEZv0CH6gEboCG HE0E/0C/3uHfayHuuJJbq50ax5glqjd/EPFIQOKQ==</latexit>
-
ycp
+
J
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=
Figure 7. The phases spaces for the csoft contributions with the zero-bin subtraction. The virtual
contributions cancel since they are equal in the csoft and its zero-bin contributions. The csoft function
can be obtained by integrating over the shaded region of the phase space.
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where jk is given by
jk(yc,M
2
c ) =
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
+ ln
µ2
M2c
)
gk(yc) + hk(yc)− Ik(yc), (C.2)
and the gk, hk and Ik are listed in Appendix A. From the structure of the phase space for jk
in Fig. 6, it is obvious that the pole in Eq. (C.2) is a UV divergence. Therefore the collinear
contribution C˜k(yc, Q2, µ) is given by Eq. (4.6) after removing the UV divergence in Eq. (C.2).
The csoft function SIIk (y2cQ2, µ) in the peak region (ρ  yc  1) can be computed by
considering the phase spaces shown in Fig. 7. The first figure corresponds to the available phase
space for the csoft gluon emission. Since the csoft radiation in this region cannot yield the
nonzero groomed jet mass, it only contributes to the normalization of the jet mass distribution
like C˜k. The second figure represents the phase space for the zero-bin subtraction. The virtual
corrections in these two modes should be added, but they are the same. Therefore the virtual
contributions cancel after the zero-bin subtraction. From the resultant phase space in Fig. 7,
we easily see that there is no IR divergence and only the UV divergence exists.
The one loop result of the csoft contribution is obtained by integrating over the shaded
region in the third figure in Fig. 7. The NLO results are given as
SIIk (y2cQ2, µ) = 1 +
αsCk
2pi
( 1
2
+
1

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2
+
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2
ln2
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y2cQ
2
− pi
2
12
)
. (C.3)
After renormalization we obtain the csoft function SIIk (y2cQ2, µ) in Eq. (4.15).
D NLO results of the factorized functions for the soft drop with β > 0
We present the NLO results of the factorized functions for the groomed jet mass distributions
using soft drop with β > 0 in the limit zcut  1. The soft drop condition is shown in Eq. (3.2).
Since the same factorization formulae as in mMDT can be applied to soft drop, Eq. (4.11) is
the factorization theorem for the midrange region ρ ∼ zcut  1 and Eq. (4.14) in the peak
– 26 –
region ρ  zcut  1. Since the functions Ck and Jk are not affected by angular exponent
β, we present SIk in the midrange region and SIIk and Uk in the peak region. The result in
the midrange region is new. And the results for the peak region have been also computed in
Ref. [27], but we could not compare the results directly since the exact definition of the plus
distribution function employed in Ref. [27] was not mentioned.
D.1 Midrange region: ρ ∼ zc  1
The csoft function SIk in the midrange region can be computed from the phase space illustrated
in Fig. 8-(a). For actual computation, we will consider the dimensionless csoft function S¯Ik(ρ),
where ρ = M2/Q2, and Q = pJTR = p
+
JR
′/2. The part with δ(ρ) comes from the virtual
contribution and the real contribution from the unshaded phase space in Fig. 8-(a). st
And the part with ρ 6= 0 can be obtained by integrating k+ over the shaded region in
FIG. 8-(a). When ρ > zcut, the contribution is given as
Mcs(ρ > zcut) =
αsCk
pi
1
ρ
(1

+ ln
µ2
ρ2Q2
)
, (D.1)
and when ρ ≤ zcut, it is written as
Mcs(ρ ≤ zcut) = αsCk
pi
eγE
Γ(1− )
1

( µ2
Q2
)
z
− 2
2+β
cut ρ
−1− 2+2β
2+β . (D.2)
Here the poles in Eqs. (D.1) and (D.2) are of the UV origin. In Eq. (D.2), there is an IR
divergence as ρ → 0, which is associated to the part with δ(ρ) after employing the standard
plus distribution.
Combining the results in Eqs. (D.1) and (D.2) with the parts proportional to δ(ρ) (i.e,
the virtual contribution and the real contribution from the unshaded region in Fig. 8-(a)), we
obtain the (bare) NLO result of S¯Ik(ρ) as
S¯Ik(ρ, µ) = δ(ρ) +
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k+
<latexit sha1_base64="MsuH/03QKeirFwM1xdAlQZyncA8=">AAAFuHicdZTNbhMxEMfd0kAJH23hyGUhqoSEVLIVEohTBReOQdAPKRuFWa83tWp7je0NhK0fgSsceS7eBnuzTbPe4ijWaP4/z9jjWaeSUW2Gw78bm7e2erfvbN/t37v/4OHO7t6jE12UCpNjXL BCnaWgCaOCHBtqGDmTigBPGTlNL957/XROlKaF+GwWkkw4zATNKQbjXJ8upi+mu4PhwbAeUdeIG2OAmjGa7m39SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgC9gRsbOFMCJnlT1Xm207zxZlBfK/YWJau/6igq41gueOpKDOdeh5p03aePS5G8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9BATauPP3+/noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/3vpe0QLEBqqE1xbN3kUmNgQQCuGknxUBldL6pGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFjeEgVWca6TNFHPrJ6J8c wcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ472xfBAnFFBaVoLjJJc3+ZYdaUQa1froDLDiHbEabNsbtcGOqK7IRc9l+SFizzH1rBajyEVnnb2HX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkOUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaJ4cH8fAg/vhqcPSuedy20RP0DD1HMXqNjtAHNELHCKMZ+ol+od+9t70vvVmPLtHNjWbNY9QaPfUPRPEL5Q==</latexit><latexit sha1_base64="MsuH/03QKeirFwM1xdAlQZyncA8=">AAAFuHicdZTNbhMxEMfd0kAJH23hyGUhqoSEVLIVEohTBReOQdAPKRuFWa83tWp7je0NhK0fgSsceS7eBnuzTbPe4ijWaP4/z9jjWaeSUW2Gw78bm7e2erfvbN/t37v/4OHO7t6jE12UCpNjXL BCnaWgCaOCHBtqGDmTigBPGTlNL957/XROlKaF+GwWkkw4zATNKQbjXJ8upi+mu4PhwbAeUdeIG2OAmjGa7m39SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgC9gRsbOFMCJnlT1Xm207zxZlBfK/YWJau/6igq41gueOpKDOdeh5p03aePS5G8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9BATauPP3+/noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/3vpe0QLEBqqE1xbN3kUmNgQQCuGknxUBldL6pGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFjeEgVWca6TNFHPrJ6J8c wcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ472xfBAnFFBaVoLjJJc3+ZYdaUQa1froDLDiHbEabNsbtcGOqK7IRc9l+SFizzH1rBajyEVnnb2HX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkOUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaJ4cH8fAg/vhqcPSuedy20RP0DD1HMXqNjtAHNELHCKMZ+ol+od+9t70vvVmPLtHNjWbNY9QaPfUPRPEL5Q==</latexit><latexit sha1_base64="MsuH/03QKeirFwM1xdAlQZyncA8=">AAAFuHicdZTNbhMxEMfd0kAJH23hyGUhqoSEVLIVEohTBReOQdAPKRuFWa83tWp7je0NhK0fgSsceS7eBnuzTbPe4ijWaP4/z9jjWaeSUW2Gw78bm7e2erfvbN/t37v/4OHO7t6jE12UCpNjXL BCnaWgCaOCHBtqGDmTigBPGTlNL957/XROlKaF+GwWkkw4zATNKQbjXJ8upi+mu4PhwbAeUdeIG2OAmjGa7m39SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgC9gRsbOFMCJnlT1Xm207zxZlBfK/YWJau/6igq41gueOpKDOdeh5p03aePS5G8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9BATauPP3+/noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/3vpe0QLEBqqE1xbN3kUmNgQQCuGknxUBldL6pGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFjeEgVWca6TNFHPrJ6J8c wcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ472xfBAnFFBaVoLjJJc3+ZYdaUQa1froDLDiHbEabNsbtcGOqK7IRc9l+SFizzH1rBajyEVnnb2HX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkOUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaJ4cH8fAg/vhqcPSuedy20RP0DD1HMXqNjtAHNELHCKMZ+ol+od+9t70vvVmPLtHNjWbNY9QaPfUPRPEL5Q==</latexit><latexit sha1_base64="MsuH/03QKeirFwM1xdAlQZyncA8=">AAAFuHicdZTNbhMxEMfd0kAJH23hyGUhqoSEVLIVEohTBReOQdAPKRuFWa83tWp7je0NhK0fgSsceS7eBnuzTbPe4ijWaP4/z9jjWaeSUW2Gw78bm7e2erfvbN/t37v/4OHO7t6jE12UCpNjXL BCnaWgCaOCHBtqGDmTigBPGTlNL957/XROlKaF+GwWkkw4zATNKQbjXJ8upi+mu4PhwbAeUdeIG2OAmjGa7m39SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgC9gRsbOFMCJnlT1Xm207zxZlBfK/YWJau/6igq41gueOpKDOdeh5p03aePS5G8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9BATauPP3+/noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/3vpe0QLEBqqE1xbN3kUmNgQQCuGknxUBldL6pGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFjeEgVWca6TNFHPrJ6J8c wcnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ472xfBAnFFBaVoLjJJc3+ZYdaUQa1froDLDiHbEabNsbtcGOqK7IRc9l+SFizzH1rBajyEVnnb2HX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkOUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaJ4cH8fAg/vhqcPSuedy20RP0DD1HMXqNjtAHNELHCKMZ+ol+od+9t70vvVmPLtHNjWbNY9QaPfUPRPEL5Q==</latexit>
(a) SIk<latexit sha1_base64="jDFu7LcRhHWw6lMii+3KA83E5 FQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3eiuon1AE8NkOm2HzkzCzEQoIW78FTcuFHHrX7jzb5y0WWjr gQuHc+7l3nvCmFGlHefbWlhcWl5ZLa2V1zc2t7btnd2WihKJSRNHLJKdECnCqCBNTTUjnVgSxENG2uHoMvfbD0QqGok7P Y6Jz9FA0D7FSBspsPerHkd6KHmKsmMPehDeBqP79DoL7IpTcyaA88QtSAUUaAT2l9eLcMKJ0JghpbquE2s/RVJTzEhW9h JFYoRHaEC6hgrEifLTyQcZPDJKD/YjaUpoOFF/T6SIKzXmoenMz1WzXi7+53UT3T/3UyriRBOBp4v6CYM6gnkcsEclwZ qNDUFYUnMrxEMkEdYmtLIJwZ19eZ60TmquU3NvTiv1iyKOEjgAh6AKXHAG6uAKNEATYPAInsEreLOerBfr3fqYti5Yxcw e+APr8wcT45X+</latexit><latexit sha1_base64="jDFu7LcRhHWw6lMii+3KA83E5 FQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3eiuon1AE8NkOm2HzkzCzEQoIW78FTcuFHHrX7jzb5y0WWjr gQuHc+7l3nvCmFGlHefbWlhcWl5ZLa2V1zc2t7btnd2WihKJSRNHLJKdECnCqCBNTTUjnVgSxENG2uHoMvfbD0QqGok7P Y6Jz9FA0D7FSBspsPerHkd6KHmKsmMPehDeBqP79DoL7IpTcyaA88QtSAUUaAT2l9eLcMKJ0JghpbquE2s/RVJTzEhW9h JFYoRHaEC6hgrEifLTyQcZPDJKD/YjaUpoOFF/T6SIKzXmoenMz1WzXi7+53UT3T/3UyriRBOBp4v6CYM6gnkcsEclwZ qNDUFYUnMrxEMkEdYmtLIJwZ19eZ60TmquU3NvTiv1iyKOEjgAh6AKXHAG6uAKNEATYPAInsEreLOerBfr3fqYti5Yxcw e+APr8wcT45X+</latexit><latexit sha1_base64="jDFu7LcRhHWw6lMii+3KA83E5 FQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3eiuon1AE8NkOm2HzkzCzEQoIW78FTcuFHHrX7jzb5y0WWjr gQuHc+7l3nvCmFGlHefbWlhcWl5ZLa2V1zc2t7btnd2WihKJSRNHLJKdECnCqCBNTTUjnVgSxENG2uHoMvfbD0QqGok7P Y6Jz9FA0D7FSBspsPerHkd6KHmKsmMPehDeBqP79DoL7IpTcyaA88QtSAUUaAT2l9eLcMKJ0JghpbquE2s/RVJTzEhW9h JFYoRHaEC6hgrEifLTyQcZPDJKD/YjaUpoOFF/T6SIKzXmoenMz1WzXi7+53UT3T/3UyriRBOBp4v6CYM6gnkcsEclwZ qNDUFYUnMrxEMkEdYmtLIJwZ19eZ60TmquU3NvTiv1iyKOEjgAh6AKXHAG6uAKNEATYPAInsEreLOerBfr3fqYti5Yxcw e+APr8wcT45X+</latexit><latexit sha1_base64="jDFu7LcRhHWw6lMii+3KA83E5 FQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3eiuon1AE8NkOm2HzkzCzEQoIW78FTcuFHHrX7jzb5y0WWjr gQuHc+7l3nvCmFGlHefbWlhcWl5ZLa2V1zc2t7btnd2WihKJSRNHLJKdECnCqCBNTTUjnVgSxENG2uHoMvfbD0QqGok7P Y6Jz9FA0D7FSBspsPerHkd6KHmKsmMPehDeBqP79DoL7IpTcyaA88QtSAUUaAT2l9eLcMKJ0JghpbquE2s/RVJTzEhW9h JFYoRHaEC6hgrEifLTyQcZPDJKD/YjaUpoOFF/T6SIKzXmoenMz1WzXi7+53UT3T/3UyriRBOBp4v6CYM6gnkcsEclwZ qNDUFYUnMrxEMkEdYmtLIJwZ19eZ60TmquU3NvTiv1iyKOEjgAh6AKXHAG6uAKNEATYPAInsEreLOerBfr3fqYti5Yxcw e+APr8wcT45X+</latexit> (b) S
II
k<latexit sha1_base64="VnzOLm5ic1Vwmkwfm1vTvktnXKs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLosurG7ivYBTQyT6a QdOpOEmYlQQnDjr7hxoYhbv8Kdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXHV7nffSBC0ii8U5OYuBwNQxpQjJSWPPOg5nCkRoKnfnbiQAfCW298nzabmWdWrbo1BVwkdkGqoEDLM7+cQYQTTkKFGZKyb1uxcl MkFMWMZBUnkSRGeIyGpK9piDiRbjp9IYPHWhnAIBK6QgWn6u+JFHEpJ9zXnfm9ct7Lxf+8fqKCCzelYZwoEuLZoiBhUEUwzwMOqCBYsYkmCAuqb4V4hATCSqdW0SHY8y8vks5p3bbq9s1ZtXFZxFEGh+AI1IANzkEDXIMWaAMMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/ALF6llI=</ latexit><latexit sha1_base64="VnzOLm5ic1Vwmkwfm1vTvktnXKs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLosurG7ivYBTQyT6a QdOpOEmYlQQnDjr7hxoYhbv8Kdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXHV7nffSBC0ii8U5OYuBwNQxpQjJSWPPOg5nCkRoKnfnbiQAfCW298nzabmWdWrbo1BVwkdkGqoEDLM7+cQYQTTkKFGZKyb1uxcl MkFMWMZBUnkSRGeIyGpK9piDiRbjp9IYPHWhnAIBK6QgWn6u+JFHEpJ9zXnfm9ct7Lxf+8fqKCCzelYZwoEuLZoiBhUEUwzwMOqCBYsYkmCAuqb4V4hATCSqdW0SHY8y8vks5p3bbq9s1ZtXFZxFEGh+AI1IANzkEDXIMWaAMMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/ALF6llI=</ latexit><latexit sha1_base64="VnzOLm5ic1Vwmkwfm1vTvktnXKs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLosurG7ivYBTQyT6a QdOpOEmYlQQnDjr7hxoYhbv8Kdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXHV7nffSBC0ii8U5OYuBwNQxpQjJSWPPOg5nCkRoKnfnbiQAfCW298nzabmWdWrbo1BVwkdkGqoEDLM7+cQYQTTkKFGZKyb1uxcl MkFMWMZBUnkSRGeIyGpK9piDiRbjp9IYPHWhnAIBK6QgWn6u+JFHEpJ9zXnfm9ct7Lxf+8fqKCCzelYZwoEuLZoiBhUEUwzwMOqCBYsYkmCAuqb4V4hATCSqdW0SHY8y8vks5p3bbq9s1ZtXFZxFEGh+AI1IANzkEDXIMWaAMMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/ALF6llI=</ latexit><latexit sha1_base64="VnzOLm5ic1Vwmkwfm1vTvktnXKs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLosurG7ivYBTQyT6a QdOpOEmYlQQnDjr7hxoYhbv8Kdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXHV7nffSBC0ii8U5OYuBwNQxpQjJSWPPOg5nCkRoKnfnbiQAfCW298nzabmWdWrbo1BVwkdkGqoEDLM7+cQYQTTkKFGZKyb1uxcl MkFMWMZBUnkSRGeIyGpK9piDiRbjp9IYPHWhnAIBK6QgWn6u+JFHEpJ9zXnfm9ct7Lxf+8fqKCCzelYZwoEuLZoiBhUEUwzwMOqCBYsYkmCAuqb4V4hATCSqdW0SHY8y8vks5p3bbq9s1ZtXFZxFEGh+AI1IANzkEDXIMWaAMMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/ALF6llI=</ latexit> (c) Uk
<latexit sha1_base64="wv4MT+siX+zF3YrxtCcD5AGFRUk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3b isYNpCE8JkOmmHzkzCzESoofgrblwo4tb/cOffOGmz0NYDA4dz7uWeOVHKqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKOSTGLi4YQlshchRRgVxNNUM9JLJUE8YqQbjW8Kv/tApKKJuNeTlAQcDQWNKUbaSKF91PA50iPJczw986EPoReOQ7vuNJ0Z4DJxS1 IHJdqh/eUPEpxxIjRmSKm+66Q6yJHUFDMyrfmZIinCYzQkfUMF4kQF+Sz9FJ4aZQDjRJonNJypvzdyxJWa8MhMFlHVoleI/3n9TMdXQU5Fmmki8PxQnDGoE1hUAQdUEqzZxBCEJTVZIR4hibA2hdVMCe7il5dJ57zpOk337qLeui7rqIJjcAIawAWXoA VuQRt4AINH8AxewZv1ZL1Y79bHfLRilTuH4A+szx/yupQ7</latexit><latexit sha1_base64="wv4MT+siX+zF3YrxtCcD5AGFRUk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3b isYNpCE8JkOmmHzkzCzESoofgrblwo4tb/cOffOGmz0NYDA4dz7uWeOVHKqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKOSTGLi4YQlshchRRgVxNNUM9JLJUE8YqQbjW8Kv/tApKKJuNeTlAQcDQWNKUbaSKF91PA50iPJczw986EPoReOQ7vuNJ0Z4DJxS1 IHJdqh/eUPEpxxIjRmSKm+66Q6yJHUFDMyrfmZIinCYzQkfUMF4kQF+Sz9FJ4aZQDjRJonNJypvzdyxJWa8MhMFlHVoleI/3n9TMdXQU5Fmmki8PxQnDGoE1hUAQdUEqzZxBCEJTVZIR4hibA2hdVMCe7il5dJ57zpOk337qLeui7rqIJjcAIawAWXoA VuQRt4AINH8AxewZv1ZL1Y79bHfLRilTuH4A+szx/yupQ7</latexit><latexit sha1_base64="wv4MT+siX+zF3YrxtCcD5AGFRUk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3b isYNpCE8JkOmmHzkzCzESoofgrblwo4tb/cOffOGmz0NYDA4dz7uWeOVHKqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKOSTGLi4YQlshchRRgVxNNUM9JLJUE8YqQbjW8Kv/tApKKJuNeTlAQcDQWNKUbaSKF91PA50iPJczw986EPoReOQ7vuNJ0Z4DJxS1 IHJdqh/eUPEpxxIjRmSKm+66Q6yJHUFDMyrfmZIinCYzQkfUMF4kQF+Sz9FJ4aZQDjRJonNJypvzdyxJWa8MhMFlHVoleI/3n9TMdXQU5Fmmki8PxQnDGoE1hUAQdUEqzZxBCEJTVZIR4hibA2hdVMCe7il5dJ57zpOk337qLeui7rqIJjcAIawAWXoA VuQRt4AINH8AxewZv1ZL1Y79bHfLRilTuH4A+szx/yupQ7</latexit><latexit sha1_base64="wv4MT+siX+zF3YrxtCcD5AGFRUk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3b isYNpCE8JkOmmHzkzCzESoofgrblwo4tb/cOffOGmz0NYDA4dz7uWeOVHKqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKOSTGLi4YQlshchRRgVxNNUM9JLJUE8YqQbjW8Kv/tApKKJuNeTlAQcDQWNKUbaSKF91PA50iPJczw986EPoReOQ7vuNJ0Z4DJxS1 IHJdqh/eUPEpxxIjRmSKm+66Q6yJHUFDMyrfmZIinCYzQkfUMF4kQF+Sz9FJ4aZQDjRJonNJypvzdyxJWa8MhMFlHVoleI/3n9TMdXQU5Fmmki8PxQnDGoE1hUAQdUEqzZxBCEJTVZIR4hibA2hdVMCe7il5dJ57zpOk337qLeui7rqIJjcAIawAWXoA VuQRt4AINH8AxewZv1ZL1Y79bHfLRilTuH4A+szx/yupQ7</latexit>
M2 6= 0
<latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLb xMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjr CgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj 6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoLL0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg 5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwS BlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1 ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEE YM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit><latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLb xMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjr CgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj 6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoLL0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg 5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwS BlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1 ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEE YM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit><latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLb xMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjr CgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj 6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoLL0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg 5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwS BlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1 ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEE YM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit><latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLb xMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjr CgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj 6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoLL0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg 5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwS BlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1 ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEE YM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit>
M2 6= 0
<latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLbxMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+ DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjrCgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoL L0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwSBlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10 ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEEYM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit><latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLbxMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+ DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjrCgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoL L0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwSBlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10 ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEEYM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit><latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLbxMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+ DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjrCgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoL L0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwSBlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10 ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEEYM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit><latexit sha1_base64="CA6tT3ScJlQbzRNbUg8oh80Rgyw=">AAAFvnicdZRLbxMxEMfd0kAJrxaOXBaiSpzKboUExwouXJCCRB8oCdGs15uu6ldtb2jY+lNwBfG5+ DbYm22a9RZHsUbz/3nGHs86lbTQJo7/bmze2erdvbd9v//g4aPHT3Z2nx5rUSpMjrCgQp2moAktODkyhaHkVCoCLKXkJD3/4PWTOVG6EPyLWUgyYTDjRV5gMM719dO3gzEnF1E83RnE+3E9oq6RNMYANWM43d36M84ELhnhBlPQepTE0kwqUKbAlNj+uNREAj6HGRk5kwMjelLVO7bRnvNkUS6U+3MT1d71FRUwrRcsdSQDc6ZDzTtv00alyd9NqoL L0hCOl4nykkZGRP74UVYogg1dOAOwKtxeI3wGCrBxRer399bzSKCuSlzYtpuUlKg5C7x+KxJ+hLC89AfUtt93df6OBWPAs2qcM21HyaSqBokdv/C/17ZD0ACpoTbFsHWTS42BBgGYaiTFQmV4s6ga2jBmSqyfZgWvyEVZ94m1UZshniHO+i+RElgLw0EpWNwSBlZxbpA2I+bWT0T5Fg9OIp0kiZKBO/NRM5jNiAoUvharcpsOVC/nrhnq8rdJWx10 ts+DBfyaCkrRXOQ4zf1lhllTCrV+tQKuOoRsR5g2x+5yYahrshNy2X/jVNDMf2iC1ngIrfK2sZv8QeG1L3yhJYWFNgv3DHQqljqCC16y1F1OWCnw64HKM5jqjkikV91cUNdvQeD5Up2DWgHuSUvCB6xrHB/sJ/F+8vnN4PB987hto+foJXqFEvQWHaKPaIiOEEYM/US/0O/eYS/vsZ5YopsbzZpnqDV6l/8AE84N+Q==</latexit>
M2 = p+J k 
<latexit sha1_base64="i5UVeGZfI t1AIfRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJC W6QJnaDkJCKxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28Yl Tyag2/f7ftfU7G5279zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycS kWAp4ycpBeHXj+ZEaVpLr6ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/W rEbWNuDZ6qB6D8c7GVZLluOBEGMxA62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9 KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM5mHMdat55mzYszOT9qKRCFoYIvEg 0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7uaRwJzhRK5bbpJwYia8cDrt yLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a2CBYgFdSkOLZucq kxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgIrYQQoBfNb wsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfmbpC 33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z 5j+0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65 ZIpFfdTJnrtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0 Dh2gT2iAjhBGEv1GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit><latexit sha1_base64="i5UVeGZfI t1AIfRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJC W6QJnaDkJCKxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28Yl Tyag2/f7ftfU7G5279zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycS kWAp4ycpBeHXj+ZEaVpLr6ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/W rEbWNuDZ6qB6D8c7GVZLluOBEGMxA62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9 KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM5mHMdat55mzYszOT9qKRCFoYIvEg 0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7uaRwJzhRK5bbpJwYia8cDrt yLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a2CBYgFdSkOLZucq kxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgIrYQQoBfNb wsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfmbpC 33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z 5j+0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65 ZIpFfdTJnrtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0 Dh2gT2iAjhBGEv1GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit><latexit sha1_base64="i5UVeGZfI t1AIfRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJC W6QJnaDkJCKxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28Yl Tyag2/f7ftfU7G5279zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycS kWAp4ycpBeHXj+ZEaVpLr6ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/W rEbWNuDZ6qB6D8c7GVZLluOBEGMxA62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9 KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM5mHMdat55mzYszOT9qKRCFoYIvEg 0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7uaRwJzhRK5bbpJwYia8cDrt yLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a2CBYgFdSkOLZucq kxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgIrYQQoBfNb wsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfmbpC 33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z 5j+0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65 ZIpFfdTJnrtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0 Dh2gT2iAjhBGEv1GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit><latexit sha1_base64="i5UVeGZfI t1AIfRn1bmKOpKZul4=">AAAFwXicdZTdbtMwFMe9scIoH9vgkptANQkJMZoJC W6QJnaDkJCKxD6kpqtOHLezZjvGdgol82twO16Lt8FOs65xhqtaR+f/8zn28Yl Tyag2/f7ftfU7G5279zbvdx88fPR4a3vnybHOC4XJEc5Zrk5T0IRRQY4MNYycS kWAp4ycpBeHXj+ZEaVpLr6ZuSQjDlNBJxSDca7ky9n+Bzn+fPbqYvx6vN3r7/W rEbWNuDZ6qB6D8c7GVZLluOBEGMxA62Hcl2ZUgjIUM2K7SaGJBHwBUzJ0pgBO9 KisNm2jXefJokmu3F+YqPKuriiBaz3nqSM5mHMdat55mzYszOT9qKRCFoYIvEg 0KVhk8shXIMqoItiwuTMAK+r2GuFzUICNq1O3u7uaRwJzhRK5bbpJwYia8cDrt yLhVwjLn/6A2na7iSA/cM45iKxMJlzbYTwqy15sk+f+98a2CBYgFdSkOLZucq kxsCAAV7WkeKgMbhaVAxvGTIn105SKknwvqlaxNmoyxDPEWf8lUgIrYQQoBfNb wsAyzg3SZPKZ9RNRvsuDk0gnSaJk4M581AymU6ICRazEKt2mA9XLE9cMVfmbpC 33W9sXwQJxTQWlqC8ySSf+MsOsKYNKv1wCly1CNiOM62O3uTDUNdkKuei/JM1Z 5j+0nFV4CC3zNrGb/EHhtS881ZLBXJu5ewZaFUsdIXJR8NRdTlgp8OuByXMY65 ZIpFfdTJnrtyDwbKHOQC0B96TF4QPWNo739+L+Xvz1be/gY/24baJn6AV6iWL0 Dh2gT2iAjhBGEv1GV+hP57BDO7KjFuj6Wr3mKWqMTvkPXsUO/Q==</latexit>
M2 = p+J k+
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⌘2/ 
<latexit sha1_base64="AyUGZHllivsGHw k8YL8Fyaw5mcs=">AAACM3icbVDLSgMxFM3UV62vqks3wSJWCnWmFHQjlLqRglDFPqDTDpk0 04ZmHiQZoQ7zT278EReCuFDErf9g2s5CWw8EDuecy809dsCokLr+qqWWlldW19LrmY3Nre2d 7O5eU/ghx6SBfebzto0EYdQjDUklI+2AE+TajLTs0eXEb90TLqjv3clxQLouGnjUoRhJJVnZ 2nWvBC8Cq9YrwJFVgKbDEY5uj3ulOCrH0KzSAcsnqvLj6MHCcBqPJx4/6UWlU9MmEsVWNqcX 9SngIjESkgMJ6lb22ez7OHSJJzFDQnQMPZDdCHFJMSNxxgwFCRAeoQHpKOohl4huNL05hkdK 6UPH5+p5Ek7V3xMRcoUYu7ZKukgOxbw3Ef/zOqF0zrsR9YJQEg/PFjkhg9KHkwJhn3KCJRs rgjCn6q8QD5HqR6qaM6oEY/7kRdIsFQ29aNyUc5VqUkcaHIBDkAcGOAMVcAXqoAEweAQv4B1 8aE/am/apfc2iKS2Z2Qd/oH3/AKuUqJo=</latexit><latexit sha1_base64="AyUGZHllivsGHw k8YL8Fyaw5mcs=">AAACM3icbVDLSgMxFM3UV62vqks3wSJWCnWmFHQjlLqRglDFPqDTDpk0 04ZmHiQZoQ7zT278EReCuFDErf9g2s5CWw8EDuecy809dsCokLr+qqWWlldW19LrmY3Nre2d 7O5eU/ghx6SBfebzto0EYdQjDUklI+2AE+TajLTs0eXEb90TLqjv3clxQLouGnjUoRhJJVnZ 2nWvBC8Cq9YrwJFVgKbDEY5uj3ulOCrH0KzSAcsnqvLj6MHCcBqPJx4/6UWlU9MmEsVWNqcX 9SngIjESkgMJ6lb22ez7OHSJJzFDQnQMPZDdCHFJMSNxxgwFCRAeoQHpKOohl4huNL05hkdK 6UPH5+p5Ek7V3xMRcoUYu7ZKukgOxbw3Ef/zOqF0zrsR9YJQEg/PFjkhg9KHkwJhn3KCJRs rgjCn6q8QD5HqR6qaM6oEY/7kRdIsFQ29aNyUc5VqUkcaHIBDkAcGOAMVcAXqoAEweAQv4B1 8aE/am/apfc2iKS2Z2Qd/oH3/AKuUqJo=</latexit><latexit sha1_base64="AyUGZHllivsGHw k8YL8Fyaw5mcs=">AAACM3icbVDLSgMxFM3UV62vqks3wSJWCnWmFHQjlLqRglDFPqDTDpk0 04ZmHiQZoQ7zT278EReCuFDErf9g2s5CWw8EDuecy809dsCokLr+qqWWlldW19LrmY3Nre2d 7O5eU/ghx6SBfebzto0EYdQjDUklI+2AE+TajLTs0eXEb90TLqjv3clxQLouGnjUoRhJJVnZ 2nWvBC8Cq9YrwJFVgKbDEY5uj3ulOCrH0KzSAcsnqvLj6MHCcBqPJx4/6UWlU9MmEsVWNqcX 9SngIjESkgMJ6lb22ez7OHSJJzFDQnQMPZDdCHFJMSNxxgwFCRAeoQHpKOohl4huNL05hkdK 6UPH5+p5Ek7V3xMRcoUYu7ZKukgOxbw3Ef/zOqF0zrsR9YJQEg/PFjkhg9KHkwJhn3KCJRs rgjCn6q8QD5HqR6qaM6oEY/7kRdIsFQ29aNyUc5VqUkcaHIBDkAcGOAMVcAXqoAEweAQv4B1 8aE/am/apfc2iKS2Z2Qd/oH3/AKuUqJo=</latexit><latexit sha1_base64="AyUGZHllivsGHw k8YL8Fyaw5mcs=">AAACM3icbVDLSgMxFM3UV62vqks3wSJWCnWmFHQjlLqRglDFPqDTDpk0 04ZmHiQZoQ7zT278EReCuFDErf9g2s5CWw8EDuecy809dsCokLr+qqWWlldW19LrmY3Nre2d 7O5eU/ghx6SBfebzto0EYdQjDUklI+2AE+TajLTs0eXEb90TLqjv3clxQLouGnjUoRhJJVnZ 2nWvBC8Cq9YrwJFVgKbDEY5uj3ulOCrH0KzSAcsnqvLj6MHCcBqPJx4/6UWlU9MmEsVWNqcX 9SngIjESkgMJ6lb22ez7OHSJJzFDQnQMPZDdCHFJMSNxxgwFCRAeoQHpKOohl4huNL05hkdK 6UPH5+p5Ek7V3xMRcoUYu7ZKukgOxbw3Ef/zOqF0zrsR9YJQEg/PFjkhg9KHkwJhn3KCJRs rgjCn6q8QD5HqR6qaM6oEY/7kRdIsFQ29aNyUc5VqUkcaHIBDkAcGOAMVcAXqoAEweAQv4B1 8aE/am/apfc2iKS2Z2Qd/oH3/AKuUqJo=</latexit>
M2 = p+J k+
R02
4<latexit sha1_base64="M3V+cn4NhWwjagFUfUi9/fs1e8o=">AAACBXicbVDLSsNAFJ3 4rPUVdamLwSIKhZKUgm6EohsRhCr2AW0aJtNJO3QyCTMToYRs3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu993gRo1JZ1rexsLi0vLKaW8uvb2xubZs7uw0ZxgKTOg5ZKFoekoRRTuqKKkZa kSAo8BhpesPLsd98IELSkN+rUUScAPU59SlGSkuueXDTLcPzyL3uFoduseMLhJO74245TSopdM2CVbImgPPEzkgBZKi55lenF+I4IFxhhqRs21aknAQJRTEjab4TSxIhPER90taUo4BIJ5 l8kcIjrfSgHwpdXMGJ+nsiQYGUo8DTnQFSAznrjcX/vHas/DMnoTyKFeF4usiPGVQhHEcCe1QQrNhIE4QF1bdCPEA6CaWDy+sQ7NmX50mjXLKtkn1bKVQvsjhyYB8cghNgg1NQBVegBuo Ag0fwDF7Bm/FkvBjvxse0dcHIZvbAHxifP82fltk=</latexit><latexit sha1_base64="M3V+cn4NhWwjagFUfUi9/fs1e8o=">AAACBXicbVDLSsNAFJ3 4rPUVdamLwSIKhZKUgm6EohsRhCr2AW0aJtNJO3QyCTMToYRs3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu993gRo1JZ1rexsLi0vLKaW8uvb2xubZs7uw0ZxgKTOg5ZKFoekoRRTuqKKkZa kSAo8BhpesPLsd98IELSkN+rUUScAPU59SlGSkuueXDTLcPzyL3uFoduseMLhJO74245TSopdM2CVbImgPPEzkgBZKi55lenF+I4IFxhhqRs21aknAQJRTEjab4TSxIhPER90taUo4BIJ5 l8kcIjrfSgHwpdXMGJ+nsiQYGUo8DTnQFSAznrjcX/vHas/DMnoTyKFeF4usiPGVQhHEcCe1QQrNhIE4QF1bdCPEA6CaWDy+sQ7NmX50mjXLKtkn1bKVQvsjhyYB8cghNgg1NQBVegBuo Ag0fwDF7Bm/FkvBjvxse0dcHIZvbAHxifP82fltk=</latexit><latexit sha1_base64="M3V+cn4NhWwjagFUfUi9/fs1e8o=">AAACBXicbVDLSsNAFJ3 4rPUVdamLwSIKhZKUgm6EohsRhCr2AW0aJtNJO3QyCTMToYRs3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu993gRo1JZ1rexsLi0vLKaW8uvb2xubZs7uw0ZxgKTOg5ZKFoekoRRTuqKKkZa kSAo8BhpesPLsd98IELSkN+rUUScAPU59SlGSkuueXDTLcPzyL3uFoduseMLhJO74245TSopdM2CVbImgPPEzkgBZKi55lenF+I4IFxhhqRs21aknAQJRTEjab4TSxIhPER90taUo4BIJ5 l8kcIjrfSgHwpdXMGJ+nsiQYGUo8DTnQFSAznrjcX/vHas/DMnoTyKFeF4usiPGVQhHEcCe1QQrNhIE4QF1bdCPEA6CaWDy+sQ7NmX50mjXLKtkn1bKVQvsjhyYB8cghNgg1NQBVegBuo Ag0fwDF7Bm/FkvBjvxse0dcHIZvbAHxifP82fltk=</latexit><latexit sha1_base64="M3V+cn4NhWwjagFUfUi9/fs1e8o=">AAACBXicbVDLSsNAFJ3 4rPUVdamLwSIKhZKUgm6EohsRhCr2AW0aJtNJO3QyCTMToYRs3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu993gRo1JZ1rexsLi0vLKaW8uvb2xubZs7uw0ZxgKTOg5ZKFoekoRRTuqKKkZa kSAo8BhpesPLsd98IELSkN+rUUScAPU59SlGSkuueXDTLcPzyL3uFoduseMLhJO74245TSopdM2CVbImgPPEzkgBZKi55lenF+I4IFxhhqRs21aknAQJRTEjab4TSxIhPER90taUo4BIJ5 l8kcIjrfSgHwpdXMGJ+nsiQYGUo8DTnQFSAznrjcX/vHas/DMnoTyKFeF4usiPGVQhHEcCe1QQrNhIE4QF1bdCPEA6CaWDy+sQ7NmX50mjXLKtkn1bKVQvsjhyYB8cghNgg1NQBVegBuo Ag0fwDF7Bm/FkvBjvxse0dcHIZvbAHxifP82fltk=</latexit>
M2c = zc
⇣
p+J
R0
2
⌘2
<latexit sha1_base64="srwQyUf7NhgnCDBXEF VZmjwVco8=">AAAF43icdZTdbtMwFMe9scIoXxtcchOoJoZAW1MhwQ3SNG4QElJB7ENquujEdbtotm Nsp9BlfgLuJm4Rr8EtvAVvg512XeMMR7GOzv/nc+zjj0TQVOl2++/S8rWVxvUbqzebt27fuXtvbf3+v spyickezmgmDxNQhKac7OlUU3IoJAGWUHKQnLxx+sGYSJVm/JOeCNJnMOLpMMWgrStee/4+xked4HV wGuMg2k1HdFPE746eBdFQAi4+PjFFxzi/fHrUidda7a122YK6Ec6MFpq1bry+8jMaZDhnhGtMQale2B a6X4DUKabENKNcEQH4BEakZ00OjKh+US7LBBvWMwiGmbQ/10HpXRxRAFNqwhJLMtDHytec8yqtl+vh q36RcpFrwvE00TCngc4CV6NgkEqCNZ1YA7BM7VwDfAy2HtpWstncWMwjgNpS8sxU3SSnRI6Z53VTEXD qw+KrW6AyzWbEyRecMQZ8UERDpkwv7BdFKzTRI/dtmxpBPaSEqhTDxnY2NQbqBWByJknmK93LQUXX+ DETYlw3SnlBPuflYTImqDLEMcRa/yUSAgthOEgJkyvCwDzOJVJlsrFxHZHuHngrEVYSRArPPXBRBzAa EekpfCFWYSftqU4uL4crf5V0l8WfPvcG8AvKK8VsI6Nk6DbTz5pQKPWzOXBWI0Q1Qjxbdp3zQ12QtZ DT8xclGR24i5bREvehed4qdpnfK7xyhU+VoDBRemKfgVrFEkvwjOcssZvjVwrceKDiGGJVE4lwqu1Ta s+bF3g8Vccg54B90kL/Aasb+52tsL0VfnjR2tmdPW6r6CF6jDZRiF6iHfQWddEewugc/UK/0Z8GaXx rnDe+T9HlpdmYB6jSGj/+AX+bGyM=</latexit><latexit sha1_base64="srwQyUf7NhgnCDBXEF VZmjwVco8=">AAAF43icdZTdbtMwFMe9scIoXxtcchOoJoZAW1MhwQ3SNG4QElJB7ENquujEdbtotm Nsp9BlfgLuJm4Rr8EtvAVvg512XeMMR7GOzv/nc+zjj0TQVOl2++/S8rWVxvUbqzebt27fuXtvbf3+v spyickezmgmDxNQhKac7OlUU3IoJAGWUHKQnLxx+sGYSJVm/JOeCNJnMOLpMMWgrStee/4+xked4HV wGuMg2k1HdFPE746eBdFQAi4+PjFFxzi/fHrUidda7a122YK6Ec6MFpq1bry+8jMaZDhnhGtMQale2B a6X4DUKabENKNcEQH4BEakZ00OjKh+US7LBBvWMwiGmbQ/10HpXRxRAFNqwhJLMtDHytec8yqtl+vh q36RcpFrwvE00TCngc4CV6NgkEqCNZ1YA7BM7VwDfAy2HtpWstncWMwjgNpS8sxU3SSnRI6Z53VTEXD qw+KrW6AyzWbEyRecMQZ8UERDpkwv7BdFKzTRI/dtmxpBPaSEqhTDxnY2NQbqBWByJknmK93LQUXX+ DETYlw3SnlBPuflYTImqDLEMcRa/yUSAgthOEgJkyvCwDzOJVJlsrFxHZHuHngrEVYSRArPPXBRBzAa EekpfCFWYSftqU4uL4crf5V0l8WfPvcG8AvKK8VsI6Nk6DbTz5pQKPWzOXBWI0Q1Qjxbdp3zQ12QtZ DT8xclGR24i5bREvehed4qdpnfK7xyhU+VoDBRemKfgVrFEkvwjOcssZvjVwrceKDiGGJVE4lwqu1Ta s+bF3g8Vccg54B90kL/Aasb+52tsL0VfnjR2tmdPW6r6CF6jDZRiF6iHfQWddEewugc/UK/0Z8GaXx rnDe+T9HlpdmYB6jSGj/+AX+bGyM=</latexit><latexit sha1_base64="srwQyUf7NhgnCDBXEF VZmjwVco8=">AAAF43icdZTdbtMwFMe9scIoXxtcchOoJoZAW1MhwQ3SNG4QElJB7ENquujEdbtotm Nsp9BlfgLuJm4Rr8EtvAVvg512XeMMR7GOzv/nc+zjj0TQVOl2++/S8rWVxvUbqzebt27fuXtvbf3+v spyickezmgmDxNQhKac7OlUU3IoJAGWUHKQnLxx+sGYSJVm/JOeCNJnMOLpMMWgrStee/4+xked4HV wGuMg2k1HdFPE746eBdFQAi4+PjFFxzi/fHrUidda7a122YK6Ec6MFpq1bry+8jMaZDhnhGtMQale2B a6X4DUKabENKNcEQH4BEakZ00OjKh+US7LBBvWMwiGmbQ/10HpXRxRAFNqwhJLMtDHytec8yqtl+vh q36RcpFrwvE00TCngc4CV6NgkEqCNZ1YA7BM7VwDfAy2HtpWstncWMwjgNpS8sxU3SSnRI6Z53VTEXD qw+KrW6AyzWbEyRecMQZ8UERDpkwv7BdFKzTRI/dtmxpBPaSEqhTDxnY2NQbqBWByJknmK93LQUXX+ DETYlw3SnlBPuflYTImqDLEMcRa/yUSAgthOEgJkyvCwDzOJVJlsrFxHZHuHngrEVYSRArPPXBRBzAa EekpfCFWYSftqU4uL4crf5V0l8WfPvcG8AvKK8VsI6Nk6DbTz5pQKPWzOXBWI0Q1Qjxbdp3zQ12QtZ DT8xclGR24i5bREvehed4qdpnfK7xyhU+VoDBRemKfgVrFEkvwjOcssZvjVwrceKDiGGJVE4lwqu1Ta s+bF3g8Vccg54B90kL/Aasb+52tsL0VfnjR2tmdPW6r6CF6jDZRiF6iHfQWddEewugc/UK/0Z8GaXx rnDe+T9HlpdmYB6jSGj/+AX+bGyM=</latexit><latexit sha1_base64="srwQyUf7NhgnCDBXEF VZmjwVco8=">AAAF43icdZTdbtMwFMe9scIoXxtcchOoJoZAW1MhwQ3SNG4QElJB7ENquujEdbtotm Nsp9BlfgLuJm4Rr8EtvAVvg512XeMMR7GOzv/nc+zjj0TQVOl2++/S8rWVxvUbqzebt27fuXtvbf3+v spyickezmgmDxNQhKac7OlUU3IoJAGWUHKQnLxx+sGYSJVm/JOeCNJnMOLpMMWgrStee/4+xked4HV wGuMg2k1HdFPE746eBdFQAi4+PjFFxzi/fHrUidda7a122YK6Ec6MFpq1bry+8jMaZDhnhGtMQale2B a6X4DUKabENKNcEQH4BEakZ00OjKh+US7LBBvWMwiGmbQ/10HpXRxRAFNqwhJLMtDHytec8yqtl+vh q36RcpFrwvE00TCngc4CV6NgkEqCNZ1YA7BM7VwDfAy2HtpWstncWMwjgNpS8sxU3SSnRI6Z53VTEXD qw+KrW6AyzWbEyRecMQZ8UERDpkwv7BdFKzTRI/dtmxpBPaSEqhTDxnY2NQbqBWByJknmK93LQUXX+ DETYlw3SnlBPuflYTImqDLEMcRa/yUSAgthOEgJkyvCwDzOJVJlsrFxHZHuHngrEVYSRArPPXBRBzAa EekpfCFWYSftqU4uL4crf5V0l8WfPvcG8AvKK8VsI6Nk6DbTz5pQKPWzOXBWI0Q1Qjxbdp3zQ12QtZ DT8xclGR24i5bREvehed4qdpnfK7xyhU+VoDBRemKfgVrFEkvwjOcssZvjVwrceKDiGGJVE4lwqu1Ta s+bF3g8Vccg54B90kL/Aasb+52tsL0VfnjR2tmdPW6r6CF6jDZRiF6iHfQWddEewugc/UK/0Z8GaXx rnDe+T9HlpdmYB6jSGj/+AX+bGyM=</latexit>
M2<latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit> M2<latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit><latexit sha1_base64="Mc0IXJjU04h+LObzruAmZPFqLLE=">AAAFuHicdZTNbhMxEMfd0kAJXy0cuSxElTiVbIUE4lTBhQtSEPRDyoYw6/WmVm2vsb2 BsPUjcIUjz8XbYG+2adZbHMUazf/nGXs861Qyqs1w+Hdj88ZW7+at7dv9O3fv3X+ws/vwWBelwuQIF6xQpylowqggR4YaRk6lIsBTRk7S87deP5kTpWkhPpmFJBMOM0FzisE418f3nw+mO4Ph/rAeUdeIG2OAmjGa7m79SbICl5wIgxloPY6H0kwqUIZiRmw/KTWRgM9hRsbOFMCJnlT1Xm205zxZlBfK/YWJau/6igq4 1gueOpKDOdOh5p3XaePS5K8mFRWyNETgZaK8ZJEpIn/wKKOKYMMWzgCsqNtrhM9AATauPP3+3noeCczVRxS27SYlI2rOA6/fioQfISy/+wNq2+8ngnzDBecgsirJubbjeFJVg9gmT/zvue0QLEBqqE1xbN3kUmNgQQCuGknxUBldLapGNoyZEuunGRUV+VrWHWJt1GaIZ4iz/kukBNbCCFAKFteEgVWcK6TNFHPrJ6J8cw cnkU6SRMnAnfmoGcxmRAWKWItVuU0Hqpdz1wx1+dukrQ462xfBAnFJBaVoLjJJc3+ZYdaUQa1frICLDiHbEabNsbtcGOqS7IRc9l+SFizzH1rBajyEVnnb2FX+oPDaF55qyWChzcI9A52KpY4QhSh56i4nrBT49cDkGUx1RyTSq26mzPVbEHi+VOegVoB70uLwAesaxwf78XA//vBicPimedy20WP0FD1DMXqJDtE7NEJ HCKMZ+ol+od+9170vvVmPLtHNjWbNI9QaPfUPxPULzQ==</latexit>
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Figure 8. The structure of the phase spaces (a) SIk(M
2) for the midrange region. (b) SIIk and (c)
Uk(M
2) for the peak region. Here zc = zcut. In (a) and (c), the phase spaces in the unshaded regions
yield the results proportional to δ(M2), while only the shaded region in (b) contributes.
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Here the IR divergence as ρ→ 0 in Eq. (D.2) is cancelled from the virtual correction, and all
the remaining poles here are UV divergences.
D.2 Peak region: ρ zc  1
The csoft contribution in the peak region can be obtained from the phase space, as shown in
FIG. 8-(b). The phase space after the zero-bin subtraction is similar to the mMDT case (or
the soft drop with β = 0), but the vertical line (k+ = ycp
+
J ) in Fig. 7 is replaced by a curve
with β > 0. From the phase space, it is obvious that the divergence is of the UV origin. Finally
the bare csoft function S¯IIk is given to NLO as
S¯IIk (µ) = 1 +
αsCk
2pi
1
1 + β
( 1
2
+
1

ln
µ2
z2cutQ
2
+
1
2
ln2
µ2
z2cutQ
2
− pi
2
12
)
. (D.4)
For the ucsoft function, the phase space is shown in Fig. 8-(c), in which the part with ρ 6= 0
comes from the shaded region, while the rest of the phase space yields the δ(ρ) part. Following
the method in computing S¯Ik , the dimensionless ucsoft functions U¯k(ρ) (= Q
2Uk(M
2)) are
given to NLO as
U¯k(ρ, µ) = δ(ρ) +
αsCk
2pi
{
−2 + β
1 + β
δ(ρ)
( 1
2
+
1

ln
µ2
Q2z
2
2+β
cut
+
1
2
ln2
µ2
Q2z
2
2+β
cut
− pi
2
12
)
+
[2
ρ
(1

+ ln
µ2
Q2z
2
2+β
cut
− 2 + 2β
2 + β
ln ρ
)]
+
}
. (D.5)
Here all the poles are UV divergences. From Eqs. (D.3), (D.4) and (D.5), we easily check that
the relation S¯Ik = S¯
II
k U¯k holds to NLO in αs. Therefore the results in the midrange and peak
regions are consistent.
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